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I                  CHAPTER 1 - INTRODUCTION

I OVERVIEW

The California Department of Water Resources and the U.S. Bureau of Reclamation propose

I to implemen~ the Interim South Delta Program (ISDP). The intent of this program is to improve
water levels and circulation in ~the southern Sacramento-San Joaquin Delta channels for local
agricultural diversions and to improve south Delta hydraulic conditions to increase diversions into
Clifton Court Forebay to maximize the frequency of full pumping capacity at Banks PumpingI Plant. Clifton Court Forebay and Banks Pumping Plant are facilities of the State Water Project
(SWP).

I The purpose of this report is to provide the U.S. Army Corps of Engineers (Corps) and other
decision makers with the information necessary to determine compliance with Section 404 of the
Clean Water Act. A ~discussion of the guidelines for establishing compliance of the project with
Section 404 is included below. The Corps is responsible for making the formal determination of
compliance with the Section 404(b)(1) Guidelines. This analysis will provide the information
necessary to determine such compliance.

I In compliance with the Clean Water Act, Califomia Environmental Quality Act (CEQA) and
National Environmental Policy Act (NEPA), numerous project alternatives are evaluated in a three-
stage screening process. The first- and second-stage evaluations are presented in this report. The

i third-stage evaluation is conducted in the joint Environmental Impact Report / Environmental
Impact Statement (EIR!EIS) for ISDP.

The development, selection and evaluation of alternatives is an integral part of the planning
process. The alternative selection methodology depends on numerous factors, and has been done
in conjunction with and in conformity with various statutes, policies, and published docum_ents.
These include the Clean Water Act, the Endangered Species Act, NEPA and CEQA, the
Governor’s Comprehensive Water Policy, DWR Bulletin 160-93 (The California Water Plan
Update), the December 15, 1994 State/federal Bay/Delta Accord, and the Central Valley Project
Improvement Act (CVPIA),

I By concurrently utilizing above, screening incorporatedthe thealternative mechanismshave
the requirements of feasibility, !east-environmentally damaging practicable alternative, and
reasonable and prudent actions. These factors were incorporated in accordance with specific

I . guidelines in the Public Resources Code and the Council of Environmental Quality guidelines,
Clean Water Act, and Endangered Species Act.

!

I 1-1
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SECTION 404(B)(1) GUIDELINES    ¯

The purpose of this report is to provide the Corps and other decision makers with ~the
information _necessary to determine compliance with Section 404 of the Clean Water Act. Section
404 provides the statutory mechanism for the Corps to permit discharge of dredged or f’dl material
into waters of the United States. The Section 404 (b) (1) Guidelines promulgated by the U.S.
Environmental Protection Agency (EPA) govern, in part, the issuance of permits by the Corps.
Compliance with the guidelines is mandatory~prior to permit issuance. Subpart B of the guidelines
states:

"No discharge of dredged or f’tll material shall be permitted if there is a
practicable altemative to the proposed discharge which would have less adverse
impact on the aquatic ecosystem, so long as the alternative does not have other
significant adverse environmental consequences."

The guidelines state, "An alternative is practicable if it is available and capable of being done
after taking into consideration cost; existing technology, and logistics in light ~of overall project
purposes." Further, the guidelines qualify the requirements for discharges to special aquatic sites
for uses that are not considered to be "water dependent" by the following regulatory presumption:

"’Where the activity associated with a discharge which is proposed for a special aquatic site
.(as defined in Subpart E)does not require access or proximity to or ~dllg within the special
aquatic site in question to fulfill its basic purpose (i.e., is not "water.dependent"), practicable
alternatives that do not involve special aquatic sites are presumed to be available, unless
clearly demonstrated otherwise (40 CFR 230~10[ a][3])."

Implementation of the ISDP may include activities occurring in special aquatic sites, which
include wetlands and vegetated shallows. Where an activity associated with a discharge into
waters of the U.nited States; such as dredging, must be located within a special aquatic site.to fulfill
its basic purpose, such as improving channel hydraulics, the above presumption does not apply.

: If an activity which normally does not require siting within a special aquatic site to fulfill the
basic project purpose, such as improving water quality by treatment of local agricultural drainage
waters, is proposed to be located within the special aquatic site, then the project applicant must
demonstrate that ~a practicable alternative which does not involve the special aquatic site does not
exist..
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 CnAPTER 2 -  ’ROJECT PURPOSWS AND NEWD

I : THE SOUTH DELTA

The south Delta generally comprises the lands and channels of the Sacramento-San Joaquin
Delta southwest of Stockton 2-1). The South Delta Water defined in the(Figure Agency,
Formation Act, California Statutes of 1973, is located in this area as are important features of the
State Water Project and Central Valley Project (Figure 2-2).

I             SDWA boundaries include about 150,000 acres, of which about 120,000 are used for
irrigated agriculture. The remaining area consists, of waterways, berms, channel islands, levees,

i and lands devoted to homes and industries. About 450,000 acre-feet of water is diverted
from south Delta channels each .year to irrigate the fully developed and highly productive
agricultural land.

I Major channels and waterways in the south Delta include: the San Joaquin River, Old and
Middle rivers, Woodward and North Victoria canals, Victoria and North canals, Grant Line Canal,
Italian Slough, Indian Slough, Tom Paine Slough, and the adjoining SWP and CVP export

I facilities. SWP export facilities, operated by DWR, consist of Clifton Court Forebay, John E,
Skinner Delta Fish Protective Facility (Figure 2-3), the intake channel, Harvey O. Banks Delta
Pumping Plant (Figure 2-4), and the Governor Edmund G. Brown California Aqueduct. CVP
export facilities, operated by USBR, consist of the Delta Mendota Canal, Tracy Fish CollectingI Facility, and the Tracy Pumping Plant (Figures 2-5 and 2-6).

This area is faced with complex water rights, water supply, wate~ quality, and environmental

I issues. These issues have been .the subject of lawsuits, mitigation activities, agreements, and
temporary actions over the last 20 years.

i The Sacramento-San Joaquin Delta provides water supplies to about twO-thirds of the State’s
population and millions of acres of irrigated lands. The State’s two largest water projects, the State
Water Project and the Central Valley Project, export water from the Delta. Increasing needs to
protect endangered species have made it increasingly important to judiciously utilize proper

I windows of opportunity to export Delta water supplies. The operational flexibility which is
provided by the ISDP will maximize the potential for SWP operations to achieve this objective.

I PROJECT PURPOSES

The purposes of the Interim South Delta Program are as follows:
I             ¯        To improve water levels and circulation in south Delta channels for local

agricultural diversions, and

I ¯ To improve south Delta hydraulic conditions to increase diversion into Clifton
Court Forebay to maximize the frequency of tull pumping capacity at Banks
Pumping Plant.

I These purpose purposes have been developed in coordination with the Bureau of
Reclamation and the Corps of Engineers. In a letter dated July 29, 1993, the Corps confh’med that
the statement provides clear definition of the project to be used in the alternative analysis required

I by Section 404(b)(1) of the Clean Water Act, and advised that (1) the purposes must be used

I 2-1
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Figure 2-2
SWP and CVP facilities in the south Delta
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Figure 2-3.
John E. Skinner

Delta Fish
Protection Facil:it, y

Figure 2-4.
Harvey O. Banks

Delta Pumping Plant
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.̄, Figure 2-5.
I Tracy Pumping Plant

!

Water is puraped by Tracy Pumping Plant through a covered conduit into the
Delta Mendota Canal (lower right).
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consistently throughout, the Environmental Impact Statement and related documents,and (2) eacahproject
alternative proposed in the alternative analysis should be evaluated for its ability to meet each l~urpose
individually and for its ability to meet both purposes~

PROJECT NEED

The following is a discussion of the need for the ISDP. A description of the water problem, s
within the south Delta and the past and current actions taken to resolve them is provided. The need to
.maximize the frequency~ of full pumping at Banks Pumping Plant is also discussed.

1) South Delta Agricultural Diversion

SDWA Agreement

SDWA is a public agency formed for the purposes of entering into contracts with the Unil~ States
and the State of California to protect the water supply of lands within the agency from salinity ~trusion
and to assure a dependable supply of water to meet the needs of lands within the SDWA. In J~ 1982,

¯ SDWA filed a lawsuit over the effects of SWP and CVP operations on the south Delta. The suit sought a
declaration of the rights of the parties, a preliminary injunction, and a permanent injunction req~g that
.the projects be.operated to protect the south Delta,

Through 1985, short-term actions to improve water conditions in the south Delta were taken in
response to specific incidents of low water levels. Beginning in late~ 1985, several activi~es and
agreements have been finalized to develop a permanent solution. These activities and documents are
discussed in Appendix C.

Consistent With a joint agreement with SDWActhe ISDP should improve water levels and induce
circulation in south Delta channels (See Figures 2-7 and 2-8).

State Water Policy

On April 4, 1992, California Governor Pete Wilson outlined a new Comprehensive Water
Management Plan, which, among many things, called for action on both interim and long-term sohtions to
problems of the "broken Delta." Interim actions were defined as those which could be undertaken-
immediately and that would help restore the environment and improve the water supply. These actions are
already in the advanced planning stage, require only a few years to complete, have no know~ permit
constraints, and have excellent .benefit-to-cost ratios. Governor Wilson’s policy includes
recommendations for enlargement of south Delta channels, channel dredging, construction and o~eration
of flow control barriers, improving SWP water supply, and shifting pumping to winter months.

December 15 Accord.

To provide ecosystem protection for ~he Bay-Delta Estuary, representatives of the State and Federal
governments and urban, agricultural; and environmental interests agreed on December 15, 1994 to the
implementation of a Bay-Delta protection plan through the California State Water.Resources Control BOard
(SWRCB), consistent with certain principles. These principles are intended to be in force for three years,
at-which~time they may be revised.

The key elements of the agreement are as follows:
¯Estuarine Habitat Standard that adds more fresh water to the Delta in late ~winter and

spring when smelt, bass and other fish most need it.
¯Pumping controls that limit State and federal water project exports, but provide new
management and operational flexibility.

¯Requirement of certain base flows in ihe San Joaquin River,
¯ Barrier at the head of Old River to minimize fish losses to pumps andexport operations.
¯ Restrictions on the take of endangered species.

2-6
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Figure 2-7.
Typical South
Delta Channel

Figure 2-8.
Agricultural

Pump Diversion
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¯ Program to address other non-flow related improvements (Category III).

The ISDP should be compatible with the December 15 Accord.

SWRCB WQCP

In May 1995, the State Water Resources Control Board adoptedthe Water Quality Control Plan for
the San Francisco Bay/Sacramento-San Joaquin Delta Estuary. The plan, developed after numerous public
workshops and hearings, sets forth beneficial uses, water quality objectives, and a program of
implementationin relation to the Delta. " "

The ISDP should be compatible with the SWRCB WQCP.

2) SWP Exports at Banks Pumping Plant

Present south Delta hydraulics constrain SWP operations and at times raise concerns about water.
levels, quality, and circulation during the irrigation season. SWP water is pumped from Clifton Court
Forebay instead of directly from south Delta channels in order to minimize drawdown effects to local
agricultural diverters. Five radial gates at the southeastern comer of the forebay are open during high tides
and closed during low tides. Inflows into the forebay are governed by the water levels inside and outside
the forebay, and by the flow capacity of the forebay intake gates. Water levels inside the forebay are
influenced by its storage volume, while water levels outside the forebay are influenced by San Joaquin
River flows and tidal fluctuations: The flow capacity of the forebay intake gates is determined by the size
and number of gates along with how the gates are operated to avoid high velocities and scouring in nearby
channels. Hydraulic constraints limiting monthly maximum exports Of the SWP are related to the:

¯. volume of Clifton Court Forebay

¯ forebay inlet gate size and location
’¯ capacity oflsouth Delta channels

¯ Delta inflow and outflow

¯ tidal fluctuations at the inlet gate

¯ stor~age availability south of pumps

The physical capability of Banks Pumping Plant is presently at its design capability of 10,300 cfs.
However, the maximum, monthly diversion into the forebay is controlled by the Corps Public Notice
5820A Amended, which establishes that diversions into.Clifton Court Forebay bel limited to 13,870 AF
for one day and 13,250 AF for.a three-day average. The ISDP proposes to increase allowable diversions
to 20,430 AF per day on ,a monthly average.¯

Implementing hydraulic improvements to the south Delta would allow Banks Pumping Plant to
pump up to its maximum capacityof 10,300 cfs whenever applicable Delta standards, fish mitigation
agreement requirements, and Endangered Species Act requiremea~s allowed. The added pumping- ~
capability would provide needed SWP export flexibility and could increase SWP water supply delivery
.reliability.

,Increased export flexibility will also improve fishery conditions in the Delta. Increased SWP
pumpi.ng.flexibility provides Opportunities to shift exports away from critical periods for eggs, larvae, and
juvenile striped bass. This would result in less fish being diverted into Clifton Court Forebay. As an
example, consider a 3-month period with a goal of diverting a total of 1,160 TAF. With the existing
forebay and Corps diversion constraint, this goal could only be achieved by pumping at a rate of 6,400 cfs
continuously over the 3-month period. With the ISDP, the total of 1,160 TAF could be accomplished by
pumping at rates at times higher and lower than 6,400 cfs, depending upon the density of fish in the Delta
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channels near the forebay intake. Figure 2-9 illustrates this concept for two hypothetical fish density
patterns. As shown, the flexibility in SWP pamping provided by the ISDP could result in substantially

I less fish being diverted into the forebay.

Shortages to SWP contractors are forecasted to become more frequent due to increasing urban,

i agricultural, and environmental demands. The SWP is one of the major water supply projects in the State.
Recent studies in DWR Bulletin 160-93 (The California Water Plan Update) conclude that the State’s
present supplies are insufficient to meet present demands during drought, and by 2020, without improved
water management and additional facilities, annual shortages of 3.7 to 5.7 MAF could occur in average

i water and 7.0 tO 9.0 MAF shortages could occur during drought Further discussion of theyears years.
Bulletin 160-93 projections is contained in Appendix D,

~ SWP / Burns-Porter Act
¯

The financing of the SWP was authorized by the State Water Resources Development Bond Act
(also known as the Burns-Porter Act) ratified in 1960, The act not only describes the facilities to beI constructed, but also that the and from the Delta to the initial offstreamrequires pumpingplant aqueduct
storage reservoir have a capacity of not less than 10,000 cfs.

I The facilities and operation of the SWP are described in more detail in Appendix A. Briefly,’
surplus water from the Feather River watershed and the Sacramento-San Joaquin River Delta is captured
and conveyed to areas of need in the San Francisco Bay area, the San Joaquin Valley, and Southern

I California.

Thirty agencies throughout the State have contracted to eventually receive 4.23 MAF of water a
year, to be delivered as their needs develop. The existing facilities can supply about 2.3 MAF, enough to

I meet present needs. ~Additional facilities are need to increase the supply to meet projected needs. The
ISDP is designed to be the In’st step in improving the ability of the SWP to meet is contractual demands.

¯ The Burns-Porter Act. also authorized unspecified additional future storage facilities, facilities ~to
1 transfer water across the Delta, and facilities to remove drainage water from the San Joaquin Valley.

State Water Policy
i

On April 4, 1992, California Governor Pete Wilson outlined a new Comprehensive Water
Management Plan, which, among manythings, called for action on both interim and long-term solutions to
problems of the "broken Delta.". Interim actions were defined as those which could be undertaken
immediately and that would help restore the environment and improve the water supply. These actions are
already in the advanced planning stage, require only a few years to complete, have no known permit.

i constraints, and have excellent benefit-to-cost ratios. Governor Wilson’s policy includes
recommendations ~for enlargement of south Delta channels, channel dredging, construction and operation
of flow control barriers, improving SWP water supply, and shifting pumping to winter months.

I Article Vll Agreement

In the mid 1980’s, DWR proPOsed the installation of four additional pumps at Banks Pumping
[] Plant to bring the plant ot its full design capability of 10,300 cfs. During the environmental review
I process, DFG and DWR negotiated an agreement for the preservation of fish potentially affected by the

operation of the pumps. The agreement, signed by the two departments in December 1986,. identifies the
steps needed to offset adverse fishery impacts of the pumping, sets up a procedure to calculate direct

I fishery annually, requires to pay mitigation projects the losses.losses and DWR for thatwould offset
Article VII of the agreement specifies the agencies’ intent to mitigate for other fishery impacts related to the
SWP, and requires that these measures, once determined, be included in any proposal by DWR to increase
its diversions at Banks.

On August 1, 1995, an agreement was signed for concluding the Article VII negotiations. The

i agreement stipulated that: (1) the December 15, 1994 State-federal accord offsets indirect fish losses
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Figure 2’9
Two Examples of How ISDP Can Shift Pumping to Divert Less Fish into Clifton Court Foreba~_

Density of Fish Fish Diverted
in Channels Water into Forebay

outside of Forebay Pumped (Density X Water Pumped)

600 -            (10=~ ~,)     400 -                 Total

~ ~ 300 Pump~,i
o 1,160

~ 2oo "7 Total

1 .2 3 1 2 3
~ 250 i                                Month Month

1 2 3
Month

Density of Fish . ’ Fish Diverted ,
in Channels , Water into Forebay

outside of Forebay                  Pumped¯
, " (Density X Water Pumped)

’ 600 "C- -- -- ." -0~o~) 400 i- m Total

LL 750 I-- " ’~ 20.0, - [ i ! ~ 00 i Total:E~h

2-10
I

C--0871 60
C-087160



caused by the existing SWP and CVP operations, such that DWR and USBR have sufficiently met the
requirements of their respective Delta and Tracy Pumping Plant agreements with DFG to proceed ~vith_the
ISDP; (2) any incremental adverse environmental consequences which are attributed to the inlerim program
will be dealt with through tile CEQA/NEPA processes, the State and federal ESA, and Section 404 of the
federal Clean Water Act; and, (3) other indirect fishery impacts caused by existing SWP and CVP
operations which are not addressed by the new Bay-Delta standards will be dealt with through the joint
State-federal to develop long-term solutions for the problems affecting public values in the Bay-process
Delta estuary.

Supply/Demand Needs.

DWR’s Bulletin 160-93 examines the current and projected water needs and water supplies in
California. The bulletin concludes that the State is expected to face chronic water shortages in the future;
and that these shortages will occur even if reasonably foreseeable supply augmentation facilities are built,
water conservation is practiced, and no additional endangered species requirements within the Sacramento-
San Joaquin Delta are implemented. The projected shortages can be expected to increase, given the
restrictions currently being placed upon water project operations in the Delta by endangered species
requirements.

Two water, balance scenarios of water supply and demand management programs are discusse~:l in
Bulletin 160-93.

¯ The Level I scenario includes programs that have undergone extensive investigation and
environmental analyses and are judged to have a higher likelihood of being implemented by 2020. ~

¯ The Level rl scenario includes programs that could fill the remaining gap shown in the balance
between supply and urban, agricultural, and environmental water demands. These options require
more extensive investigation and alternative analyses.

The Level I scenario includes programs which have been analyzed with respect to the quantity of
water supply or demand reduction each could provide and have a good chance of being implemented.
shown in Tables 2-1 and 2-2, Level I programs and projects are grouped under demand management
(long-term and short-term) and supply management (statewide and local)..The ISDP is included in Level I
options.

By design, Level II programs and projects are ~much more speculative in nature and include
proposals such as additional water conservation, land retirement, and water transfers (under the heading of
demand management); additional storage and conveyance projects (under the heading of statewide supply
management); and additional water recycling, and water desalting, reuse of agricultural brackish water,
and various other programs under the heading of local water management.

Recent studies contained in DWR Bulletin 160-93 (The California Water Plan Update) conclude
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Table 2-1
Level I Demand Management Options

Progr0m Commen~
Long-term Demand Management
Urban Water Conservation Urban Best Management Practices
Agricultural Water Conservation Increased irrigation efficiency
Land Retirement Retirement of land with ~drainage problems

in west San Joaquin Valley
Short-term Demand Management
Demand Reduction Drought year supply (shortage)
Land Fallowing/Short-term Water Transfers Drought year supply (shortage)

,!
Table 2-2

Level I Water Supply Management Options
Program Type C0mmCnt~
Statewide Water ¯
Management
Long-term Delta Solution Delta water management Considered under long-term planning

program process

ISDP South Delta improvement Subject of this report

Los Banos Grandes Offstream storage Considered under long-term planning
Reservoir process

Kern Water Bank Ground water storage Considered under long-term planning
process

Coastal Branch--Phase II SWP conveyance facility Under construction

Local Water
Management _
Water Recycling Recl .amation New water supply
Ground Water ReclamationReclamation Primarily in South Coast
Los Vaqueros Reservoir-- Offstream storage/ Under construction
Contra Costa Water emergency Supply/
District water quality
Domenigoni Valley Offstream storage of SWP Final EIR certified
Reservoir--MWDSC and Colorado River water,

drought year supply

!
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that the State’s present supplies are insufficient to meet present demands during drought, and by 2020,
without improved water managemep, t and additional facilities, annual shortages of 3.7 to 5.7 MAF could
occur in average water years and 7.0 to 9.0 MAF shortages could occur during drought years. A more
detailed discussion on the State’s water supply and demand is found in Appendix D of this report.

Los Banos Grandes Reservoir
South Delta improvements are also needed for offstream winter-banking storage projects. One

such project is the Los Banos Grandes Reservoir, authorized by the Legislature in 1984 and included in
Governor Pet~ Wilson’s Water Policy. To operate LBG, it is necessaty to increase diversions into Clifton
Court Forebay to maximize the full pumping capability of Banks Pumping Plant as proposed by the ISDP.
Without this increase in Clifton Court diversion rates, LBG cannot be.demonstrated to be feasible.
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CHAPTER 3 - ALTERNATIVE SELECTION AND SCREENING
~METHODOLOGY

Figure 3-1 outlines the process of alternative selection. The first two steps shown, project
purposes and project need, were discussed in Chapter 2 of this report. This chapter covers (1)
selection of alternatives, including the no-action alternative, for the screening process, and (2) the
methodology for screening or evaluating the alternatives. Chapters 4 and 5 present the first- and
second- stage evaluations of the alternatives, and the EIR/EIS for the ISDP comprises the third-
stage evaluation.

NO-ACTION ALTERNATIVE

CEQA and NEPA require "no-project" and "no-action" alternatives, respectively. CEQA’s
no-project alternative is a "snapshot" of existing conditions without the proposed project. It is a
static condition. NEPA’s no-action alternative, on the other hand, while it also assumes conditions
without the proposed project, assumes that projects and programs and trends already set in motion
will continue. It also accounts .for events and trends that will likely take place because the project
is not constructed. This analysis focuses on the NEPA-required no:action alternative.

Documents relating to the no-action alternative include the following.

State-Federal Framework Agreement

In June 1994, The Governor’s Water Policy Council and the Federal Ecosystem Directorate
(FED) reached an agreement called the "Framework Agreement." One of the issues addressed is
the need for a long-term solution to environmental, water supply, and water quality problems in the
Delta. By contrast, the ISDP is an interim, immediate solution to some of the problems.

December 15 Accord

The December 15, 1994 agreement between representatives of the State and federal
government and urban, agricultural and environmental interests provides the standard for operating
existing and new facilities in the Delta, including the ISDP.

DWR Bulletin 160-93

This alternative selection effort incorporates findings of the ongoing public process
conducted in the development of DWR Bulletin 160-93 (The California Water Plan Update),
Bulletin 160-93 concluded that additional interim and long-term measures combining additional
facilities and improved water management are needed to prevent current and future chronic water
shortages in the State. The bulletin includes Level I and Level II options. Both Level I and II
options are considered below for (1) inclusion in the no-action alternatives or (2) inclusion as
alternatives to the ISDP.

!
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Figure 3-1. Alternative Selection Methodology
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ALTERNATIVE SELECTION

i Table 3-1 lists the alternatives selected for consideration in this analysis. The sources of the
alternatives are discussed below, in the same sequence as in the table.

No-Action Alternatives

I As explained above, this analysis focuses on the NEPA-required no-action alternative. No,
action includes existing programs and projects that are operational. No-action future programs and

i projects have permits to construct, are under construction or are ongoing programs.

DWR Bulletin 160-93 Level I Options

I Level I options include those programs and projects that have undergone extensive
investigation and environmental analysis and are judged to have a higher likelihood of being
implemented by, 2020. Level I options that are considered no-action have the following

i characteristics: (1) they are not in competition with the ISDP (do not have the potential of
addressing one or both of the ISDP project purposes), and (2) they are relevant to the ISDP
because they affect the general water supply/demand for the SWP or because they are in the Delta.
Those Level I options that are not relevant in this way are not discussed here.

I
Level I Conservation

I Following the statewide droughtof 1976-77, DWR began an aggressive water conservation
program to help local agencies achieve efficient use of California’s limited water resources through
promotion of water conservation policies and practices that would have the greatest public benefit

i consistent with sound resource conservation principles.

DWR administers several programs that en~ourage efficient use of water, and has focused on
cost-effective urban and agricultural conservation programs carried out cooperatively with local
agencies throughout the State. Legislation has also been adopted to encourage and improve water
conservation in the State. The two most recent significant pieces of conservation legislation are:
the Urban Water Management Planning Act of 1983, and the Agricultural Water Management
Planning Act of 1986. Both require the larger water suppliers, under certain conditions, to prepare
water management plans.

Water conservation ~effects on net water demand vary greatly, depending on the opportunity
i for water reuse in the area. Effective water conservation in a region is the reduction in depletion,

which is def’med as reductionof the evapotranspiration of applied water, irrecoverable losses from
a distribution system, and outflow to a salt sink. For example, in the Sacramento River region,

I water is reused, extensively, so the potential for effective conservation is limited. But a large water
savings potential exists in the Colorado River and the.coastal regions, where excess applied water
generally enters saline sinks (Salton Sea or the ocean) or saline ground water basins and cannot be
economically reused.

Reductions in applied water can often be beneficial because they reduce the pumping and
treatment costs and could reduce diversions from streams and rivers to benefit fish and wildlife.
However, care must be taken to look at impacts on downstream reuse, such as other farms or
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wildlife refuges, that rely on excess applied water.

Because Level. I conservation is underway independently of the ISDP, and is not in
competition with the ISDP, it is considered pan of the no-action alternatives, existing and future
conditions.

Level I Land Retirement

Land retirement will take place in parts of the San Joaquin Valley where drainage has been
problem and where continued cultivation of some marginal lands will not be feasible. Forty-five
thousand acres of land could be out of production by 2020 and about 70,000 acres by 2040.
is accounted for in agricultural acreage projections. The accompanying annual net water savings
from this land retirement is about 0.13 MAF.

Because Level I land retirement is underway independently of the ISDP, and is not in
competition with the ISDP, it is considered part of the no-action alternatives, existing and future
conditions.

Demand Reduction

The Level I scenario uses a 15-percent reduction during a drought to determine the adequacy
of urban water supplies through 2010. The 15-percent level reflects 1990 urban water use
experiences, and was chosen as a management planning tool for drought periods rather than as a~
action which could impose more severe hardships on affected communities. Most of the urban
areas which implemented special conservation programs achieved cutbacks at or above this level.
DWR studies indicate that some individual sectors of local economies, such as the green industry,
suffered substantial income and employment losses in 1991. (The "green industry" includes
nurseries, self-employed gardeners, landscapers, and landscape-related businesses.) However,
from a statewide perspective, a shortage of 15 percent, based on the 1990-91 drought experience,
is considered manageable at the 1990 level for drought events which would occur about once ever~
20 years.

Because demand reduction is underway independently of the ISDP, and is not in competitio~
with the ISDP, it is considered pan of the _no-action alternatives, existing and future conditions.

Level 1 Land Fallowing/Short-term Water Transfers

The State Drought Water Bank began in 1991. During the first year of operation, it
purchased 0.82 MAE. About 50 percent of the water came from land fallowing (0.42 MAF),
followed by groundwater exchange (0.26 MAP3, and stored wa~er reserves (0.14 MAF). State
Water Bank operations are included in this section because these actions were short-term (one-year
drought supply) for areas with critical needs. Some of this purchased water could be considered
supply management (ground water, reserved storage water) rather than demand management
However, since overall water service reliability was not’improved for the long-term, ground water
exchz:nge and stored water reserves for the drought water bank are included as short-term demand
management options.

Because land. fallowing and Level I short-term water transfer is underway independently of
the ISDP, and is not in competition with the ISDP, it is considered part of the no-action
alternatives, existing and future conditions.
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Kern Water Bank

In December 1994, DWR and the SWP contractors agreed on a set of principles now known
as the Monterey Agreement. As part of the agreement, the Kern Fan Element of the Kern Water
Bank will. be turned over to the contractors, and is no longer a part of the SWP. Therefore, it is
not an alternative to be considered for the ISDP but is considered part of the no-action alternatives.

Coastal Branch--Phase II (Santa Ynez Extension)

This project, which is under constructionl is planned as a 102-mile buried pipeline and
related facilities which will comple~ the Coastal Branch of the SWP. It will run from Devil’s Den
in northwestern Kem County, where Phase I ends, to Vandenburg Air Force Base in Santa
Barbara County. It is designed to serve 4,830 AF per year of SWP water to San Luis Obispo
County and 42,486 AF per year to Santa Barbara County.

Since this project is under construction and is not a competing alternative for the ISDPi it is
considered part of the no-action altemative, future conditions.

Level I Water Recycling

Total annual Level I water recycling for 1990 was 0.4 MAF, projected to be about 1.3 MAF
in 2020.

Because water recycling is underway i.ndependently of the ISDP, and is not in competition
with the ISDP, it is considered part of the no-action alternatives, existing and future conditions. "

Los Vaqueros Reservoir

This 100,000 AF Contra Costa County Water District water storage facility is under
construction near Byron. Besides providing emergency storage, the reservoir will store high-
quality Delta water during wet seasons for blending with lesser-quality Delta supplies in dry
seasons.

Since this proj’e~t is under construction and is not a competing alternative for the ISDP, it is
considered part of the no-action alternative, future conditions.

Domenigoni Valley Reservoir

This reservoir is a project of Metropolitan Water District of Southern California. This
800,000 AF water storage facility is under construction in western Riverside County. It will
provide emergency storage, drought year storage, carryover storage storage,andseasonal enhance
the operational reliability of MWDSC’s system, and assist with ground water recharge as part of a
regional conjunctive use program.

Since this project is under construction and is not a competing alternative for the ISDP, it is
considered part of the no-action alternatives.

DWR Bulletin 160-93 Level H Options

Level II options are demand management and supply augmentation concepts which could ~
help fill the gap remaining between supply and demand or potentially provide water for SWP after
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Level I programs are fulfilled. As with Level I options, to be considered no-action, Level II
options would have the following characteristics: (1) i.hey would not be in competition with the
ISDP (would not have the potential of addressing one or both of the ISDP project purposes), and
(2) they would be relevant to the ISDP because they would affect the general water supply/demand
for the SWP or would be in the Delta.

Based on the above criteria, none of the Level l:I Options are considered part of the no-action
altemative.

Level I Options Alternatives

Those Level I options that are not considered part of the no-action alternatives and that have
the potential of addressing one or both of the ISDP project purposes are listed in Table 3-1 and
discussed in this section.

Long-term Delta Solution

Long-term Delta solutions are reviewed in this report as alternatives to the ISDP, because of
their potential for meeting one or both of the ISDP project purposes.

South Delta Water Management Program

This reference in DWR Bulletin 160-93 is the previous name for the ISDP.

Los Banos Grandes Reservoir

This project, authorized by the Legislature in 1984 and included in Governor Pete Wiison’s
Water ~Policy, would .work in conjunction with ISDP. It does not have permits and is not
underway, and therefore is not considered part of the no-action alternatives.

Level I Ground Water Reclamation

Ground water reclamation programs are designed to recover degraded ground water.
Currently, most of the ground water reclamation programs under consideration are in Southern
California.

Because ground water reclamation is under consideration but not underway, it is not
considered part of the no-action alternatives.

Level II Options Alternatives

Level II options are demand management and supply augmentation conceptswhich could
¯ help fill the gap remaining between supply and demand or potentially provide water for SWP after
Level I programs are fulfilled. Because of their potential for addressing one or both of the ISDP
project purposes, the following Level II options are included as alternatives for the ISDP and listed
in Table 3-1: water conservation, land retirement, water transfer, and reclamation. Many of the
remaining Level II options have been defei’red, suspended, or put on hold. In any case, the
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remaining Level II options are not considered to have the potential for addressing either of the
ISDP project purposes.

DWR Studies Alternatives

Many of the alternatives evolved from past studies b,y DWR. These include the South Delta
Water Agency Alternatives, the South Delta Water Management Alternatives, and the Permanent
Long-range Alternatives, all as listed in Table 3-1.

Agency/Public Input Alternatives

These alternatives, which are listed in Table 3-1, were recommended by various agencies
during development of the ISDP.

SCREENING METHODOLOGY

l Once list of altern~atives is selected,discussed above, a evaluation isa three-stage process
employed,. The screening criteria used in the first-, second-, andthird-stage evaluations are
discussed in detail in Chapters 4, 5, and the EIR/EIS, respectively. Briefly, they are as follows

i (see Figure 3-1):

¯ Stage 1 Evaluation: project purpose, timing

¯ Stage 2 Evaluation: technical feasibility, cost

¯ Stage 3 Evaluation: environmental soundness

The above criteria arise from the institutional framework, the laws and guidelines, discussed
below.

Generally, the alternative screening mechanisms have taken into account the requirements of
feasibility, least environmentally-damaging practicable alternative, and reasonable and prudent
actions. These factors were incorporated in accordance with specific guidelines in the Public
Resources Code and the Council of Environmental Clean Water Act, andQuality guidelines,
Endangered Species Act, respectively. These requirements are considered in light of the
established project purposes (see Chapter 2).~

!
State Water Policy

I Relating to the Stage 1 evaluation, timing is an important screening factor in the delineation
between interim and long-term measures, as defined by California Governor Pete Wilson,s 1992
Comprehensive Water Policy. Long-term measures are being addressed in the long-term planning
process, as established by the State-Federal Framework Agreement of June 1994.
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Section 404 of the Clean Water Act and California Public Resources Code

Relating to the Stage 1 evaluation criteria of project purpose, according to Section 230.10~f
the regulations implementing, the Clean Water Act, Section 404(b)(1), "An alternative is practical:
if it is available and capable of being done after taking into consideration cost, existing technolog~
and logistics in light of overall project purpose." The Stage 1 evaluation looks at whtther an
altemative can meet at least one of the project purposes.

Relating to the Stage 2 evaluation criteria of technical feasibility and cost, the Califo~
Public Resources Code defines. "feasible" to mean "capable of being accomplished in a su~.~s~
manner within a reasonable period of time, taki.ng into account economic, environmental, s~N1
andtechnological factors,"

The Stage 3 ~evaluation criteria of environmental soundness relates to EPA’s
Guidelines (40 CFR 230), where to receive a Departmentt of Army permit to discharge dredged
f’tll material into "waters of the United States" a permit applicant may have to clearly demonslr~
that the proposed discharge is unavoidable and the le~t environmentally-damaging practicable
alternative.

EPA Guidelines

In relation to the Stage 3 evaluation, the EPA 404(b)(1) Guidelines do not allow permitting
projects "which will cause or contribute to significant degradation of the waters of the Uni~ext
States."

NEPA and CEQA

Relating to the Stage 3 evaluation, under the-California Environmental Quality Act, "pubic
agencies, should not approve projects as proposed if there are feasible alternatives or feasible
mitigation measures available which would substantially lessen the significant environmental
effects of such projects." (Public Resources Code Section 21002).

Under the National Environmental Policy Act, the evaluation of alternatives is governed by
the "rule of reason" under which an EIS must consider a reasonable range of options that could
accomplish the agency’s objectives. Reasonable alternatives are those that may be feasibly carried
out based on technical and economic factors (see Stage 2 evaluation criteria). An alternative may
be considered reasonable even if it is outside the jurisdiction of the lead agency. 40 CFR
1502.14(c).

Endangered Species Act / Biological Assessn~ents~ and Opinions

Endangered species considerations relate to the Stage 3 evaluation. To comply with the
Endangered Species Act, biological opinions relating to the project must be rendered by the
USFWS or NMFS: These biological opinions will be based on biological assessments for the
ISDP prepared by DWR and USBR,
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Based on the best scientific and commercial data available, the biological opinions must
determine whether the project, combined with cumulative effects, is likely to jeopardize the
continued existence of listed species, or result in the destruction or advei’se modification of critical
habitat~ The USFWS or NMFS must include reasonable andprudent alternatives to the action
that would avoid jeopardy. These alternatives must be consistent with the intended purposes of the
action, must be able to be implemented by. the agency, and must be technologically and
economically feasible. (16 USC 1536, 50 CFR 402.14.) USFWS and NMFS will complete the
biological opinion for the ISDP.

All alternatives selected for thirdrstage evaluation were assessed against mitigation measures
to lessen or avoid impacts. The incremental impacts of the project on endangered species were not
found to require additional restrictions beyond the December 15 requirements.
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Table 3-1

Alternatives for First-Stage Evaluation

No-A~l-i0n Alternatives

Existing Conditions
Future Conditions

Level I Options Alternatives

Long-term Delta Solution
Los Banos Grandes Reservoir
Level I Ground Water Reclamation

l..evel II Options Allemafives

Water Conservation
Land Retirement
Water Transfer
Reclamation

South Delta Water Agency Altemative~

South Delta Flow Control Structures
Roberts Island Canal Plan
Dredging South Delta Water Agency channels
Pay for Agricultural Pump Damage in the South Delta
Treatment of Local Agricultural Drainage Water
Pumping Water from Clifton Court Forebay to a Portion of SDWA Users
Delta-Mendota Canal/Westley Wasteway Plan
Reduce San Joaquin River Agricultural Drainage
Reduce CVP/SWP Export
Increase San Joaquin River Flow

South Delta Water Management Alternatives

Northern Forebay Intake with Limited Channel Dredging
Northern Forebay Intake, Limited Channel Dredging, and South Delta
Flow Control Structures

Channel Enlargement, South Delta Flow Control Structures,
and Expanded Existing Intake

Enlarge Clifton Court Forebay with:
-Byron Tract
-North Victoria Island
-South Victoria Island
-Coney Island
-Union Island

Channel Enlargement, South Delta Flow Control Structures,
and Enlarged Forebay at:
-Byron Tract
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-North Victoria
~South Victoria
-Cone~y Island
-Union Island

Permanent Long-Range Alternatives

Isolated Water Transfer Facilities
Peripheral Canal
Dual Transfer System
Modified Folsom-South Canal
West or Central Delta Canal

Through-Delta Facilities
New Hope Cross Channel
Waterway Control Plan
North Stub Canal
South Stub -Canal

Physical Barriers

Agency/Public Input Alternatives

Reduction of CVP/SWP Exports and Management or Reduction of Demand for SWP Water
Head of Old River Barrier, Modification of CVP/SWP Exports,
Consolidation of Agricultural Diversions, Extension of Agricultural .
Diversions,Improvement of SWP Pumping Capability

N̄orthern Forebay Intake, Limited Channel Dredging, South Delta
Flow Control Structures, and Additional Clifton Court Forebay Intake
at Italian Slough

Limited Channel Dredging, South Delta Flow Control Structures,
and Intake at Italian Slough
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CHAPTER 4 -FIRST-STAGE EVALUATION

This chapter presents the first-stage evaluation of numerous alternatives in seven
categories, as listed in Table 3-1. Each alternative is reviewed to determine if either of the project
purposes are met, as well as for .reasonability of implementationtime. Table 4-1 summarizes the
information from the fast-stage evaluation.

Screening Criteria

Screening criteria pi:ovide a comprehensive way to determine whether a project alternative
is practicable and the least environmentally damaging. Important factors, such as meeting the
project purposes, existing technology, environmental considerations, cost, and timing are included
in the screening process. The specific screening criteria used in the second-stage evaluation are
technology and cost, and in the third-stage the criterion is environmental constraints,

The criteria in the first-stage evaluation are project purpose and timing. These are presented
in the following sections, along with supporting information used to develop each criterion.

First Project Purpose: To improve water levels and circulation in the southern
Sacramento-San Joaquin Delta channels for local agricultural diversions

Waier Levels

Water for lands within the SDWA boundary is supplied almost exclusively from Delta
channels. Water conditions in the area are influenced by San Joaquin River inflow, tidal action,
SWP, CVP and local pump diversions, agricultural return flows, channel capacity, and. other
upstream, development. Historically, there have been complaints from SDWA that hydraulic
capacity was insufficient to convey water to some points of diversion during peak agricultural
demand periods. In response to SDWA’s 1982 lawsuit, DWR, in a cooperative manner,.
implemented measures to partially relieve the problem in. certain channels. Tom Paine Slough was
dredged in response to a i986 joint powers agreement and siphons were installed in 1989 tO
improve the water level and circulation in this dead-end channel. Also, starting in 1987, DWR has
constructed low rock weir in Middle River each The center portion is removeda irrigation season.
each fall for flood control and navigation purposes. This weir has improved the water level on
Middle River upstream (east) of the weir.

~ To resolve the portion of SDWA’s lawsuit relating to the effects of both the CVP and SWP
export pumps and operations on water levels within SDWA channels, DWR and USBR have
proposed, in a draft contract, to determine the most viable means which will afford SDWA an
adequate agricultural water supply in terms of channel water levels to meet the reasonable and
beneficial needs of SDWA water users. The selected alternative must show conceptual design
capability to meet target net Delta depletion rates agreed upon by SDWA. These rates are presenl~l
in Exhibit A of the August 27, 1990 draft contract among DWR, USBR and SDWA.

Many studies have been conducted using hydrodynamic models to determine the most
viable means of improving SDWA channel flows, levels, and circulation. Hydrodynamic
simulation of the flow requirements of channels within SDWA under various hydrologic
conditions provides an assessment of methods for alleviating water level and circulation problems.
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TABLE 4-1

FIRST-STAGE EVALUATION OF ALTERNATIVES

SCREENING CRITERIA

Project Purposes Met ?

" " WATglt LEVELS AND

CIRCULATION SWP FLEXIBILITY TIMING OK ?

ALTERNAT][VES IMPROVED ¢ IMPROVEI~ ? ($-7 Yem.~) RETAINED COMMENTS

SOUTH DELTA WATER

AGENCY ALTERNATIVES

Soeth Delta Flow Control Structmes                                                                           Yes (combined ~ to water levelm~i ©i~ulation lm~blems in
Yes Small improvement k Yes w/other Air.) ~DWA ch~nela.

Needs seine ~ o~ water transfer system to be
Robe,s Island Canal Plan Yes No No ~loe~ term) No .~ffective. - ...

Done incwmentally over NOt retained a~ a whole, but potlion combined withDredging South Delta C~anuels
Yes Yes many years No .    ~ber alternatives.

Pay for Ag. Pump N~ completiou date with
Dmnage-South Delta Yes No this project No

Treatment of L~cal Agricultural Drainage
Water       ’                                   No                       No                    Yes               No      Small improvement to water quality.

Pump Water from CCF to ¯ portion of Some improvement in water quality for agriculture
SDWA Useta

Yes No Yes No wherever facilities can provide.
Needs some Type of water transfer system to be

Delta Mendota-Wertley Wasteway Plan. Yes Some improvement No (Ion~ term) No ffective,

Reduce San Joequln River Ag. Drainage. No No No (Ion8 term) No Improved water qualiW.

Reduce CVP/SWP Exports Sina!! Improvement . No Yes No Wonld reduce reverse flow. ,,,.

Increase San Joaquin River Flow Small improvement Small improvement No (many years) No Could have wide-ran~in~ impacts



TABLE

FIRST-STAGE EVALUATION OF ALTERNATIVES
SCREENING CRITERIA

Project Purposes Met ?

WATER LEVELS AND

CIRCULATION SWP FLEXIBILITY TIMING OK ?
ALTERNATIVES IMPROVED ? IMPROVED ? (~-7 Year~) RETAINED ? COMMENTS

SOUTll DELTA

WATER MANAGEMENT

ALTERNATIVES
Nc~hem F~ebay In~ke with Limited
Channel Dredging No Yea Yes Yes (Combined w/

other’AIL)
So.hem F~ebay Intake. Limited I~.
D~dging, South Del~a Flow Control Yes Yea yes

~utanel E~largemel~ So~th Delta Flow
~ztml Stmcture~ ~ ~ded ~ Yes Yes Yes yes
Intake

~nlarge Clifl~ Co~t Forebay at:

- Byron Tract Yea Yes Yu (Combined wl
Small im~’ovement olher Air.)

- Noflh Vk:toffa Island Yea Yes Yes (Combined w/
Small iml~0vement , other

- Sou~h Vk:torla Island yes yes Yes (Combined wl
Small iml~ovement other AlL)

- Goney Island Yea Yes Yes (Combined wt
Small imwovement other Air.)

- UNto Ish!tnd yea yes Yes (Combined w/
Small iml~ovement other

Channel Enlargement, So~th Delta Flow
Control S~ructure~, and Enlarged Forebay -

- Byron Tract                          Yes                     Yea                  Yes
Yes

- North Victoria leland                   Yes                     Yes                  Yes
Yes

- South Victoria Island                   Yes                     Yes                  Yes
Yes



TABLE 4-1

FIRST-STAGE EVALUATION OF ALTERNATIVES

SCREENING CRITERIA

Project Purposes Met ? ’~

w~ L~V~LS AS~
CIRCULATION SWP FLEXIBILITY ’rIMING OK ?

ALTERNA~ IMPI~OVED T IMPROVED ? (5.? Yem.,~) RETAINED ? COMMEWI’~

SOUTH DELTA                                                                                                                                                ~

WATER MANAGEMENT

Fl0w Conlrol Slmctm, es, and Enia~ged                                  ~.
Forebay at:        ~.                                                                                                                                                         ~.-

Coney Island
Yes Yes Yes Yes

Union Island
Yes - Yes Yes Yes

ALTERNATIVES

//dated Wa~" TramPer Fad//ti~:

Periphe~l Canal
No Yes No No ~onside~ for lon~-tenn solution.

Dual Tranzf~ Sy~em
No Yes No No ~omide~ for Ions-te~m solution.

Modified Fo~om-$outh Canal
Yes Small improvement No No ~omide~ for Ions-term solution.

West/Central Delta Canal
Yes                       Yes                    No ¯               No       Consider for Ions-term solution.

New Hope Cro~ Channel No Some improvement No ~over 10 years) No Consides f~ Ions-term solution.
Waterway Control Plan Yes " Yes No (over 10 years) ¯ N~ ~on~td~ for Ion~tenn solution,

North Stub Canal Consider for long-term solution, in combination with
No No . No (over 8 years) No othes alternatives.

South Stub Canal ~omider for 10rig-term solution, in combination with
Small improvement Yes No (8 years) No ~ther alternatives.



TABLE 4-1

FIRST-STAGE EVALUATION OF ALTERNATIVES

SCREENING CRITERIA

Project Purposes Met ?
WATER LEVELS AND

CII~CULATION SWP FLEXIBILITY TIM ING OK ?
AL~RNATIVF~ IMPROVED ? , IMPROVED ? (S-7 Yem-~) RETAINED ? COMMENTS

PERMANENT LONG.RANGE
kLTERNATIVES

No (~considorable timeChip~ Idand Barrieg
No Yes needed) No ,,

AGENCY / PUBLIC INPUT
ALTERNATIVES

Redaction of CVP/SWP Expor~ and
Management or Reduction of D~man~

.~. lo¢ SWP Water ¯

t~ Small Improvement No Yes Yes* See earlier al~e~ative, "Reduce CVP/SWp

Head of Old River Barrier,
Modificatlo~ of CVP/SWP Exporin,
Comolidation of Agricultural
Dive~ion~, Extension of Agricultural
Divet~ion~, Improvement of SWP
pumping Capability -

¯ Water fight~, other legal is~ue~ need to be re~olved
No Yes Yes Yes" ~fior to consolidation of divel~inns...

Northern Fore.bay Intake, Limited
L-’hannel Dredging, South Delta Flow
~ontrol Strectu~e,, and Additional
Clifton Comi Fore.bay l~.take at Italltt
Slough The benefit~ for the second project purpose will be

Ye~ Some Yes Yes small when the Italian Slou~h intake is used.

South Delta Flow Control Stngtur~,
Limited Channel D~dging, and
Intake at Italian Slough

Yes                        No                     Yes                 Yes*

The~e alte~tfivea a~e retained for further" evaluation as determil~ed by meetings held between DWI~ USBR and geveral other State and federal a encie~.



Other information to help this assessment is provided by the results of five years of monitoring for
the Temporary Barriers Program.

The conceptual design of any facility is based upon analyses which include assumptions
thiit simplify actual conditions. During actual operation of the selected al~rnatives, such factors ~
actual tide conditions, real-time output from monitoring stations, forecasted tides, and present
channel depletions would come into play and would require operational adjustments.

The conceptual design objectives listed in the proposed agreement with SDWA are:

¯ ¯ provide sufficient volume of flow.to provide water levels for uninterrupted
operation by local SDWA diverters for certain specified hydrodynamic conditions;

¯ provide circulation in the controlled SDWA channels mentioned in the agreement;
and                                   .

¯ provide compatibility with fishery needs.

The controlled channels are: (1) Middle River beginning about one-half mile ofupstream
the confluence with Trapper Slough and North Canal, and ending at Old River (12 miles
upstream); (2) Grant Line Canal beginning one-half mile east of Old River and ending at its east
end (8.7 miles upstream); and (3) Old River one-half mile upstream of Delta-Mendota Canal intake
and ending at the head of Old River (18.9 miles upstream).             .~

The water level screening criteria for use in the 404(b)(1) alternatives analysis is based on
local SDWA agricultural needs; and is sufficient to resolve the litigation. Information from 5the

years of monitoring has provided added information for this assessment. An alternative, either
individually or in combination with other possible alternatives, must be capable of 1) supplying
enough water to satisfy the channel depletions, and 2) providing for uninterrupted operations by
local diverters.

Water Circulation

Circulation in south Delta channels is controlled by tidal fluctuations, water supply, and
channel capacities. The rate of pumping by local users and by project pumps can also influence
circulation. Local agricultural drainage returns, aggravated bywater circulation, have affectedpoor
channel water quality. Irrigation practices concentrate the salts of the applied water, and disposal
of the irrigation drainage in thechannels degrades the channel water accordingly. Water circulation
can be poor in dead-end channels, such as Tom Paine Slough and Paradise Cut, as well as reaches
of Old River and Middle River where stagnant ~zones occur. During heavy irrigation periods, the
agricultural drainage is recycled several times when flows are insufficient to flush the channel.
Channel dredging and installation of siphons and a tidal pump helped water circulation in Tom
Paine Slough, but that operation still depends on adequate water levels within the supply channel.

Other factors to consider, related to poor circulation, are high nutrient loading and impacts
to dissolved oxygen. This can cause biostimulation for algal growth, a negative impact. One
benefit that could result from improved circulation would be lower water temperatures which
would increase dissolved oxygen levels and benefit resident fish.

The agreement and draft contract worked out with SDWA specifies that some means of
providing circulation in the controlled channels (those reaches identified under "Water Levels"
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above) will be developed. As noted earlier, modeling studies and monitoring programs have
yielded results that indicate viable means for improving channel circulation.

An alternative, either individually or in combination with other alternatives, must be
capable of improving conveyance to provide needed circulation while maintaining adequate water
levels in spite of demands on .the water.

Second Project Purpose: To improve sou~ Delta hydraulic conditions to increase
diversions into Clifton Court Forebay to maximize the frequency of full pumping
capacity ~at Banks Pumping Plant

~ . DWR has long-term water supply contracts to deliver Specified annual amounts of water to
each of 29 contracting agencies. These contractors are in the Feather River Basin, San Francisco
Bay area, San Joaquin Valley, Central Coastal area, and Southern California. The maximum

¯ annual entitlement for all contractors total about 4.2 million acre-feet (MAF). This represents the
¯ maximum water that would be delivered by the State to its contractors under full contract
conditions (further discussion on this can be found in Appendix A). Delivering this maximum
amount of water would require at times using the full pumping capacity of 10,300 cfs at Banks
Pumping Plant, which in turn requires the implementation of the ISDP, as well as other water
supply and demand management programs as discussed in Appendix D.       ¯

Water contracts establish annual entitlement and procedures for allocating deficiencies,
surplus water deliveries, and payment. Atemporary shortage of water supplies can occur in any
year when a drought or other condition reduces available project water to less than the total
requests for annual entitlement. In such an event; the SWP would reduce deliveries of that year’s
entitlement for agricultural purposes by a percentage not to exceed 50 percent in any one year, or a
total of 100 percent of annual entitlement in any seven consecutive years. If necessary, further
reductions will be made to all deliveries, regardless, of use, and the deliveries will be reduced in
proportion to the entitlement requests.

Operation of the SWP is governed by physical and institutional constraints. Physical
factors limiting SWP operations include such things as California’s geography and climate,
available water supply, demands, and delivery capabilities; power operations; and hydraulic
constraints and Banks Pumping Plant capacity. Institutional constraints include applicable water
rights standards, fish mitigation agreements, and Endangered Species Act requirements.

The hydraulic constraints which can limit monthly maximum exports of the SWP are
related to forebay inlet gate size and location, capacity of southern Delta channels leading to the
intake, volume of Clifton Court Forebay, tidal fluctuations at the forebay intake, and San Joaquin
River inflow.

Tidal fluctuations at the forebay intake average 3.7 feet daily. Five radial gates at the
southeastern corner of the forebay are open during high tides and closed during low tides.
Operational procedures for the inlet gates consist of minimizing the drawdown effects of the
diversions at all tide levels. South Delta channels were not modified for SWP and CVP operations;
therefore, they limit the amount of water that can be pumped from the south Delta without eroding
the channels and levees. Banks Pumping Plant and Clifton Court Forebay play a key operational
role because they are at the head of the aqueduct system. The pump capacity of the Banks
Pumping Plant increased from 6,400 to approximately 10,300 cfs (20,430 AF/day) with the four
additional pumps. However, the maximum monthly-diversion into the Forebay is controlled by the
US Corps of Engineers Publb Notice 5820A Amended, and also by hydraulic constraints. The
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Public Notice establishes the diversion constraint to be 13,870 AF for one day and 13,250 AF for
a three-day average. Implementing hydraulic improvements to the south Delta would allow Banks
Pumping Plant to pump up to its maximum capacity of approximately 10,300 cfs whenever the
applicable water rights standards, fish mitigation agreement, and Endangered Species Act allowed.
The added pumping capability would provide needed flexibility to offset some of the water Supply
lost to increased environmental protection.

An alternative, either individually or in combination with other alternatives, must be
capable, to the extent allowed, of utilizing the 10,300 cfs pumping capacity, resulting in improved
operational flexibility.

Timing

An alternative, either individually or in combination with other possible alternatives, should
be completed in a reasonable time framein accordance with Governor Wilson’s policy and the draft
settlement contract between SDWA, DWR,;and USBR. Governor Wilson, in his 1992 water
policy speech, called for "immediate interim actions in the South Delta." Some projects could take
~many years to formulate, move through the EIR/EIS process, design and construct. Five to seven
years allows reasonable time to design and construct an interim project.            .

Temporary measures have been ongoing since 1985 in the south Delta to resolve the water
level and circulation problems. Litigation by SDWA in 1982 pointed out the severity of the
problems. Considerable work and coordination have gone into a draft settlement contract between
SDWA, DWR, and USBR which settles the lawsuit. This contract has been approved by SDWA,
~DWR expects to obtain authority to sign, and USBR is seeking authorization from Congress to
sign. The pace expressed in the draft contract for implementing a solution to the hydraulic
problems in the south Delta (in Exhibit A of the contract it called for implementation within 5 years)
is consistent with Govemor Wilson’s Comprehensive Water Policy, which calls for immediate
interim actions to help restore the environment and improve water supply, and long-term solutions
to the Delta to be developed. The Governor said, "We need to take immediate actions in theSouth
Delta that~will help restore the environment and improve the water supply,"

Alternatives

NO- ACTION ALTERNATIVES

No- Action - Existing Conditions

The SWP operation in the south Delta and the present problems and needs are described in
Chapter 2,..              .

The existing hydrodynamic condition represents, the annual water delivery schedule
resulting from a 2.9 million acre-foot level of SWP demands. Under this alternative, no action
would be taken. No flow control structures would be installed, nor would modifications to Clifton
Court Forebay, intake, or channels be made. Therefore, water levels, and circulation patterns in
south Delta channels would remain the same, as would the present reliability of the SWP.
Operations would continue under the present Corps constraints, and south Delta concerns would
continue.

The no-acti0n alternative would not comply with the agreement among DWR, USBR and
SDWA to find amutually acceptable solution to the SDWA water supply problems; therefore, the
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litigation would continue. It also would not meet future water needs of the State.

The existing system does not meet the project purposes and is therefore eliminated from all
further evaluations. However, it will be included in the EIR/EIS to provide a baseline for
comparison of environmental effects.

No. Action - Future Conditions

The no-action alternative consists of a projection of future without-project conditions. The
alternative involves conditions, policies, laws, ordinances, rules, regulations, programs and
projects that exist or will likely be developed in the absence of the Interim South Delta Program.

By the year 2010, without additional actions,, increased needs for urban water Use will
result in substantial shortages, and disagreements and potential litigation with SDWA will persist.
According to the 1993 California Water Plan Update (DWR Bulletin 160-93), by 2020, without
additional facilities and improved water management, an annual shortage of 3.7 to 5.7 MAF could
occur in California during average years, depending on the outcome of the various actions.
~Similarly, by 2020, annual drought year shortages could amount to 7 to 9 MAF under D-1485
criteria.

With the inclusion of the projects and programs listed in Table 4-2, Water Supply and
Demand Management Options Assumed for Inclusion in No-Action Future Alternative, the State
will still experience shortages between 2.8 MAF to 4.8 MAF in average years, and 3.9 to 5.9 MAF
in drought years.

Under the No-Action Future alternative, an adequate future water supply will also not be
assured within the SWP service.areas. Table 4-3, State Water Project & State Water Project
Service Area Water Balance Assumed for Inclusion In No-Action Future Alternative, summarizes
the supply and demand balances, assuming the same projects and programs as listed in Table 4-2..
In the SWP service area, shortages are predicted in the year 2020, where a 1 MAF deficit will-
occur in average years, and a 2.9 MAF deficit will occur in drought years.

The SWP and CVP will continue tO coordinate their operations under the following criteria:

¯ SWRCB Water Rights/December 15, 1994 State-Federal Principles of Agreement
¯ Federal and State Endangered Species Acts
¯Central Valley Project Improvement Act of 1992
¯Safe Drinking Water Act
¯Delta Flood Protection Act of 1988
¯Delta Protection Act of 1992

Two new off-stream water supply facilities will be constructed in the upcoming years: the
800,000 acre-foot Domenigoni Valley Reservoir, and the 100,000 acre-foot Los Vaqueros
Reservoir. In addition, reclamation programs, conjunctive use programs, and conveyance
facilities will play key roles in. managing California’s future water supply. Other iml~jrtant water
supply programs and projects include: urban and agricultural water conservation, land retirement,
reclamation programs, conjunctive use programs and conveyance facilities.

This alternative does not meet the project purposes and is therefore eliminated from all
further evaluations. However, it will be included in the EIR/EIS to provide a benchmark for
comparison of environmental effectS.

4-6 |
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TABLE 4-2 WATER SUPPLY & DEMAND MANAGEMENT OPTIONS ASSUMED
FOR INCLUSION IN No-ACTION FUTURE ALTERNATIVE

WATER SUPPLY MANAGEMENT OPTIONS
Program

ITyp.

~ Capacity Annual Supply

Economic]Comments
(1,o0o AF) (1,000 AF) Unit

($/AF)(I)
Statew4de Water Management
Coasttl Branch- SWP Conveyance 57 N/A N/A 630-1,110 Notice of
Ph~e II (Santa Facility Determination was
Ynez fded in July 1992;
Exte~ion) construction began in

late 1993.
Local Water Management
Wat~ Reclamation 1,321 923 923 125-840 New water Supply

Ground Water Reclamation 200 100 100 350-900 Primarily in South
Reclamation Coast
Los V~iueros Offs~ream Sto~age 100 N/A N/A ¯ 320-950 FAR cet~’ted in
Re.~-voir- Emc~er~ Oc~ber 1993, 404
Con~raoCosta Supply Wa~ permit ismed in
Wat~ Dis~ct’ Quality 1994.
EBMUD Conjunctive Use N/A .43 370 Final EIR ceal~ted in

and Cqher Options October 1993.
Domeaigerd ¯ Ofl~s~eam sto~age 800 0 264 410 Final ~ certified
Valley of SWP and
Re.u~voir- Colorado River
MWDSC water, drought

year gupply                                                  ’

San Felipe CVP Conveyance N/A N/A(2) 140 Capital costs only;
Extension- Facility convey 18,000 AF
PVWA annually

DEMAND MANAGEMENT OPTIONS
Program Applied Water Net Water Demand Economic Comments

Reduction Reduction Unit Coat
(1,000 AF) (1,000 AF) ($/AF)(I)

Long.term Demand Management
Urban Water ~on 1,300 900 900 315-390(3) Urban BMPs
Agricultural Water Consecration 1,700 300 300 Not Increased in~galion~ Available dficiency
Land Retireme~ 130 130 130 60 Retiremmt of land

l~Oblems in we~t San

;, ~t the Del~
All American Carol Lining 68 68 68 Water comet~lion

Short-term Demand Management
Demand Reduction 1,300 0 1,000 Net    Drought ye~ supply

Av~lable

Land Fallowing/Shot’t-t~m Water 800 0 800 125 Drought year supply;
Transfers coet is at the Delta.

(1) Economic costs include capital end OMPKR co~ts disco4J~ted over a ~yea~ period at 6 pe~’ce~t dloco4mt r~e. The~e oozes do not Jncklde

(2) Yield of this project is in part o~ Iutly comes Irom the CVP.
(3} Costs are ~or the ult~a-low-flu~ to~tet mete(It end resklentM wate~ audit’ pmg~am~.

I
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Table 4-3. State Water Project and State Water Project Service Area Water
Balance Assumed for Inclusion in, No-Action Future
Alternative

1990 Average 1990 2020 Average 2020 .Drought
Year (mad Drought Year (mat3 Year (mat3

Year (mad

SWP Entitlement 4.1 4.1 4.2 4.2

SWP Delivery 2.8* " 2.1" 3.3* 2.0*
Capability

SWP Balance -1.3 -2.0 -0.9 .2.2

swP Area 10.l 9.3 10.9 11.2
, Demand

SWP Area 10.1 10.3 9.9 8.3
Supply

Capability

Area 0 -1.0 -1.0~ -2.9SWP
Balance

~ Bulletin 160-93, California Water Plan U ~date, Table 11-6-
Note: Includes Programs/Projects listed in Table 4-2, Water Supply and Demand
Management Options Assumed for Inclusion in the No-Action Future Alternative

!
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LEVEL I OPTIONS ALTERNATIVES              ¯

Long-term ~ Delta Solution

See Permanent Long-Range Alternatives later in this chapter.

Los Banos Grandes Reservoir

o Description

In 1983, DWR initiated a comprehensive investigation Of alternative offs~ storage
reservoirs south of the Delta. In 1984, the State legislature authorized DWR to develop LBG (AB
3792, SEC. 11255 of State Water Code). After an initial examination of 18 sites, a DWR study
recommended that Los Banos Grandes (LBG) be investigated to determine ~the most cost-effective
reservoir size and its engineering, economic, and environmental feasib.ility. The proposed facilities
would be located Los Banos Creek in Merced of Los Banos andon western County,SOUthwest
about 5 miles upstream from the existing Los Banos Detention Dam.

Based on the feasibility investigation, a 1.73-MAF reservoir was selected as a technically
feasible and cost-effective solution to help offset projected future SWP water shortages and to
provide the highest net benefits to the SWP. However, due to the recent endangered species
actions in the Delta, the feasibility of the project is being reassessed. The actual sizing and schedule
is highly dependent on the selection of a long-term solution for resolving fishery issues and ’
facilitating efficient water transfer, through the Delta.

o Benefits

Los Banos Grandes facilities could augment SWP supplies by about 186,000 AF in
average years (under the December 15, 1995 Accord). Yield of LBG in drought years would be
about 133,000 AF. The schedule for the investigation of this project has been slowed down in
order to coincide with the Bay-Delta long-term planning process. It is likely that some of the SWP
agricultural water contractors will not participate in f’mancing or benefiting from the LBG program.

o~ Project Purposes

This project would not satisfy either project purpose.

o Timing

This project does not fit the interim category because it cannot be planned for, designed,
and constructed in 5 to 7 years.

o Conclusion

Since this project would not satisfy either of the project purposes, and is not interim, it is
not carded forward to. second-stage screening.
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Level I Ground Water Reclamation

o Description

Ground water reclamation programs are designed to recover degraded ground water. High
total dissolved solids and nitrate levels are the most common ground water quality problems.
Currently, most of the ground water reclamation programs under consideration are in Southern
California.

Ground water reclamation programs are designed to recover degraded ground water. High
total dissolved solids and nitrate levels are the most common ground water quality problems.
Currently, most of the ground water reclamation programs under consideration am located in
Southern Califomia (excluding ground water reclamation solely to remediate contamination at
hazardous waste sites). Some of the polluted water must be treated, some can be blended with
¯ fresh water to meet water quality standards, and some can be applied untreated for landscape
irrigation.

o Benefits

This program would add supply to the SWP service areas, thereby offsetting future local
water supply demands. Total annual contribution of ground water reclamation is estimated to be
0.09 MAF by year 2000.

o Project Purposes

These ongoing programs do not satisfy either project purpose. They do add supply to the
SWP service areas, thereby offsetting future local water supply demands. They do not compete
with the ISDP.

o Timing

This program will be implemented over a long time frame.

o Conclusion

Since this alternative does not satisfy the project purposes, it is not retained for second-
stage evaluation.

I
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LEVEL 11 OPTIONS ALTERNATIVES

Water Conservation

o Description

DWR, throughthe Office of Water Conservation (OWC), administers several plans and
programs that encourage efficient use of water and focus on cost-effective urban and agricultural
conservation programs in cooperation with local agencies. DWR sponsored legislation to
encourage and improve water conservation in the State. Two significant pieces of legislation are the
Urban Water Management Planning Act of 1983 and the Agricultural Water Management Planning
Act of 1986. Both require larger water suppliers to prepare water management plans that include
Best Management Practices (BPM’s).

More than 300 urban water suppliers prepared water management plans under the Urban
Water.Management Planning Act These plans identify many current and future water conservation
programs. California’s agricultural sector has also been developing and implementing ways to
reduce on-farm water use. This conservation effort was broad-based and involved various, public
institutions, private industries, and farmers.

o Benefits

Estimates made in DWR Bulletin 160-93 (California WaterPlan Update) indicate that an
additional 935,000 acre-feet per year of net urban water reduction will occur by 2020 due to Level
I BMP’s. The estimated savings in the agricultural sector due to reductions in the irrigated acreage,
shifts in crops, and increased on-farm efficiency is about 1,400,000 acre-feet per year.

Bulletin 160-93 estimates that, upon implementation of the Level II BMP’s, an additional
300 TAF/yr of agricultural applied water and an additional 220 TAF/yr of urban applied .water can
be saved through conservation measures.. This alternative would decrease the need for new water
supplies. However, even after implementation of the projected Level I water savings in both urban
and agricultural sectors, there will still be a gap between SWP delivery capability and water
demands in the service areas.

o Project Purposes

These ongoing programs .do not satisfy either project purpose. They do add supply to the
SWP service areas, thereby offsetting future local water supply demands. They do not compete
with the ISDP. ~

o Timing

This is an ongoing program that DWR will continue to administer.

o Conclusion

Since this alternative does not satisfy the project purposes, it is not retained for second-
stageevaluation.
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Land Retirement

o Description

Land retirement will take place in parts of the San Joaquin Valley where drainage disposal
has been a problem and wherecontinued cultivation of some marginal lands will not be feasible. A
Management Plan for Agricultural Subsurface Drainage and Related Problems on the Westside San
Joaquin Valley, September 1990, evaluated the drainage problems in the San Joaquin Valley and
recommended a plan of action to resolve the drainage problems on the west side of the valley
through the year 2040. The recommendations included source control (water conservation), reuse
of drainage water, and land retirement. For the Bulletin 160-93 update, and for the purpose of
agricultural water demand calculations, it was assumed that source control and land retirement
recommendations would be implemented. The 1990 report suggests45,000 acres of land on the
westside of the San Joaquin Valley could be out of production by 2020 and about 70,000 acres by
2040. These amounts are accounted for in agricultural acreage projections for DWR Bulletin 160-
93.

o Benefits

The net water demand reduction resulting from land retirement could be about 130,000 MAF. To
facilitate this option, the Central Valley Project Improvement Act provides federal authority and
possible sources of funding for land retirement. At the State level, the San Joaquin Valley Drainage
Relief Act provides DWR with authority to undertake a program of retiring lands with drainage
problems.

o Project Purposes

These ongoing programs do not satisfy either project purpose. They do add supply to the
SWP service areas, thereby offsetting future local water supply demands. They do not compete
with the ISDP.

o Timing

This is an ongoing program that DWR will continue to explore.

o Conclusion

Federal and State funding has been provided for retiring lands with drainage problems.
These programs will reduce water demand and have been accounted for in long-term planning.
These programs will not meet the purposes or timing of an.interim solution and therefore, are not
considered for second-stage screening.

Water Transfer

o Description

Many water managers are seeking water transfers fo respond to water supply and allocation
problems. Under existing law, holders of pre-1914 appropriative water rights can transfer water
without seeking approval.Of the State Board, providing no other legal user is injured. Other
holders of appropriative righ~ must obtain State Board approval.
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o Benefits

Water transfers can augment a water agency’s annual supplies to improve the water service
reliability for the receiving area. Such transfers have been going on since early this century as
evidenced by the construction of several major interstate transfer facilities. The 1987-92 drought
caused some water agencies and individuals to begin looking at the potential of voluntary water
transfers to augment short-term drought supplies..However, areas looking to the water transfer
market for long-term supplies need an element of predictability. Uncertainties of Delta transfer
capabilities, now and in the foreseeable future, make it difficult to predict transfer capability of the
system.

The State Drought Bank indication that obstacles toWater. experiencewas a good
market-based water transfers canbe overcome. However, as more and .more willing buyers and
sellers got together, legal problems in completing such transfers became more apparent. In
response ~to such problems, the California Legislature has enacted, and the Governor has signed,
several pieces of legislation that should facilitate market-based water transfers. Additional
market-based water transfer legislation continues to be introduced with the hopes of fu ~rther
removing impediments to such transfers. The CVPIA is an example of federal legislation that will
help facilitate Water transfers in Califomia by removing legal barriers, particularly those involving
federal supplies.                                                .

Land fallowing and water ~bank operations are other options under short-term water
transfers during periods of drought. During the first year of operation in 1991, the State Drouglit
Water Bank purchased 0.82 MAF. About 50 percent of the water came from land fallowing (0.42
MAF), followed by ground water exchange (0.258 MAF) and stored water reserves (0.142 MAF).
Operations were short,term (one-year drought supply) for areas with critical needs as determined
by State Drought Water Bank criteria.

This is which well but does not SWPa program operates duringdroughtperiods, improve
reliability. Water transfers can improve water service reliability if long-term supplies can be
identified. Currently; transfer capability is difficult to forecast.

o Project Purposes

Since overall statewide water supply and water servicereliability was not improved for the
long-term; the drought water bank is considered a contingency or drought management supply
option, and does not meet either of the project purposes.

o Timing

This is an ongoing program that DWR will continue to manage through the State Water
Bank.

o Conclusion

This address short-term needs and does either ofoptioncannot water not satisfy theproject
purposes. Therefore, this alternative is not considered for second-stage evaluation.
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Reclamation

o Description

Water reclamation ~consists of gray water use, water recycling (discussed earlier und~r-
Level I options), water desalting, and reuse of agricultural brackish water. These options
getting increasing attention in Califomia.

In 1992, the Califomia Legislature approved, and the Governor signed AssemblyBil135iS
to permit statewide use of gray water for landscape irrigations Many population centers
California are located in areas where the climate requires landscape irrigation at least 7 months
the year. This makes the use of gray water for landscape irrigation a major component of futm~
water savings. Gray water would generally only be practical in larger lots where adequate sir
clearances can be maintained for subsurface irrigation fields. A substantial use of gray water fta
residential areas, however, would require .major investments in plumbing and may not be practical
for existing housing. Under Level II water management options, Bulletin 160-93 estimates 1~0
TAF/yr of gray water use by 2020.

According to Bulletin 160-93, there is the potential for 370 TAF/yr of additional recycll~d~
water (beyond Level I) by 2020.

Water desalting is becoming less expensive and is projected to grow in use.

The primary concern in the longrterm use of brackish drainage water for irrigation is
impact of salt accumulation on the integrity and productivity of the soil.

o Benefits

This alternative would reduce the demand for potable water over the long term. Reduced
demand would decrease the need for new. supplies or extend the time until new supplies are
needed.

o Project Purposes

These ongoing programs do not satisfy either project purpose. They do add supply to the
SWP service areas, thereby offsetting future local water supply demands. They do not compete
with the ISDP.

o Timing

This alternative is now being implemented on a small scale and is expected to expand over
time. Most projects wilI depend on Cost and availability of funds. Public acceptance will also be an
important unknown factor in implementing these options.

o Conclusion

Since this alternative does not satisfy either of the project purposes, it is not retained for
second-stage evaluation.
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SOUTH DELTA WATER AGENCY ALTERNATIVES

The following alternatives focus on m~eting all or part of the SDWA needs as stated in the
first project purpose (to improve water levels and circulation in south Delta channels for local
agricultural diversions) through physical changes or actions in south Delta channels, or actions at
~SWP/CVP facilities. Some of the alternatives, even though they would not satisfy the project
purposes by themselves, could be combined with other alternatives to become viable plans.

South Delta Flow Control Structures

o Description

In response to litigation by SDWA, a contractual agreement was developed that affords
SDWA an adequate agricultural water supply in terms of quantity, quality and channel water levels
and circulation to meet the reasonable and beneficial needs of water users located along those
portions of Old River, Middle River and Grant Line Canal that lie within SDWA lands.

One proposed plan to accomplish better water levels and circulation is aof flowsystem
control structures installed at strategic locations in south Delta channels (Figure 4-1). By
operating .the gates to open and close during phases of the tide, they would take advantage of the
natural tidal cycle of changing flow directions and water elevations to improve water levels and
circulation. ’

Temporary low rock barriers have been installed at various locations during past years to
improve water levels during the irrigation season. Those installations, along with numerous
computer model simulations, have shown that flow control structures can alleviate the problem of
low water levels and poor circulation.

Temporary agricultural barriers in Middle.River and Old River were-first installed in 1987
and 1991, respectively~ DWR is seeking approval to install a temporary Grant Line Canal
agricultural barrier. The agricultural barriers are operated in the spring and summer months each
year.

A temporary fish barrier at the head of Old River was first installed in 1968. The barrier,
which is being installed in the spring and fall eachimproves conditions for the San Joaquinyear,
River salmon migration and provides mitigation for the agricultural barriers by preventing salmon
from being trapped behind them.

Information gained from tests and monitoring related to the temporary barriers will aid in
verifying modeling studies. Additional monitoring studies will be conducted to assess operational
performance and provide input to the development of permanent long-term features. Available
information will be provided to the long-term planning process to provide guidance consistent with
long-term planning.

Presently, four proposed flow control structure sites are being examined, three for the
benefit of agricultural users and one for a fish barrier. The agricultural flow control structure
locations would be:

¯ Middle River south ofthe confluence of Middle River, Trapper Slough and North.
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Canal;

¯ ’ Old River east of Delta-Mendota Canal intake; and

¯ Grant Line Canal east of the confluence with Old River.

The fish barrier control structure location would be:

¯ Old River west of the confluence with San Joaquin River.

The fish barrier control structure is mandated by PL 102-575, Title XXXIV of which is
CVPIA, where it states that USBR., in conjunction with the State and in consultation with local
interests, shall construct and operate a barrier at the head of Old River on a seasonal basis to
increase the survival of young outmigtating salmon in a manner that does not significantly impair
the ability of local entities to divert water. The ISDP should be fully compatible and

complementary with the CVPIA.

When the agricultural and fish barriers are used together, they partly mitigate each other’s
adverse effects. The fish barrier prevents San Joaquin River salmon from being trapped behind the
agriculturalbarriers; while the agricultural barriers prevent the fish barrier from adversely affecting
water levels and water quality for Delta farmers and resident f’ush.

Different types of flow control facilities have been examined. Examples are: rock weir,
inflatable rubber dam, or gated concrete structure. For operational control purposes, the most
desirable facility is the gated concrete structure. A typical structure would be about 15 feet high
with radial gat, es which could range from 15 to 45 feet wide.

o Benefits

Water for lands within the SDWA boundaries is supplied almost exclusively from Delta
channels. Water conditions in this area are influenced by San Joaquin River inflow, water supply
from the north Delta, tidal action, SWP and CVP pump diTcersions, local agricultural return flows,
Tracy waste water outflow, channel capacities, and local geography. Flow-control type facilities
could be constructed and operated to regulate flow during the irrigation season to improve water
levels and circulation patterns. ~ Increasing water levels would improve water circulation, especially
in stagnant or dead-end channels, by.putting more water into the system. A gate operation scheme
can be developed that would take advantage of the two high and two low tides each day. It is
possible to use this natural force to provide higher water levels during the low tide-periods for
improved pumping capability, and also use the outgoing tide to flush out the channels.

In addition, a flow control facility at the confluence of .Old River and San Joaquin River
would help migrating salmon in the San Joaquin River. This facility could be closed during the
proper spring months to prevent salmon from moving down Old River toward the project pumps.
These facilities could decrease the entrainment of various resident fish that inhabit south Delta
channels upstream. SDWA and USBR are both supportive of this flow control structure plan.

o Project Purposes"

The flow control structures satisfy the first project purpose (to improve water levels and
circulation in the south Delta), and resolves the litigation by SDWA. They would also support the
second project purpose (to improve south Delta hydraulic conditions to increase diversions into
Clifton Court Forebay to maximize the frequency of full pumping capacity at Banks Pumping
Plant)) by decreasing entrainment of fish and enabling more flexibility in pumping. However, to
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more fully satisfy the project purposes, additional features would be needed. The flow contr~I
structures would be comphmentary to these other features and to any long-term Delta solutions.

o Timing

The flow control structures could be constructed within a reasonable time frame of 5 toT"
years, thus fitting into the "interim," rather than long-term, category.

o Conclusion

Since the flow control structure plan satisfies the first project purpose and helps to sati~3~.
the second project purpose, and since it satisfies the timing for an interim project, this alternative is
combined with others and retained for second-stage evaluation.

Roberts Island Canal Plan

o Description

This proposed plan (Figure 4-2) was one of several alternative water distribution plans that
would work in conjunction with the Peripheral Canal (see later in Chapter 4). The Peripheral
Canal would provide the water for distribution throughout the southern Delta to improve wa~er
supply and give a net downstream flow in the major channels used by migrating fish. The Robeas
Island Canal Plan is discussed in DWR "Alternative Report Southeast Delta Water Control
Facilities" April-20, 1976 report and November 8, 1977 supplement. The plan would consist of a
2,200 cfs pumping plant in Middle River, an earth-lined canal crossing Roberts Island between.
Middle River and San Joaquin River capable of carrying 1,100 cfs, and three flow control
structures. The flow
controlstructures would be located at the head of Middle River, on San Joaquin River below Old
River bifurcation, and between Roberts Island Canal and San Joaquin River. They are needed for
proper water distribution and to control flood flows.

The section of Middle River between Roberts Island Canal, and Old River would convey
r~maining 1,100 cfs for release down Old River. With the large flows in Middle River betw .een t~e
proposed Peripheral Canal crossing and Old River, there would need to be channel dredging and
levee rework done.

o Benefits

This plan, when coupledwith the Peripheral Canal, would improve the water level and
circulation in Old River, Grant Line Canal andMiddle River above the Peripheral Canal. Pumping
directly from channels north of Highway 4 could provide an alternative operation method.

o Project Purposes                   ¯

This plan, when coupled with the Peripheral Canal, would improve water levels and
circulation patterns, thus furthering the first project purpose. It wo~ld also support the second
project purpose (to improve south Delta hydraulic conditions to increase diversions into Clifton
Court Forebay to maximize the frequency of full pumping capacity at Banks Pumping Plant) by
decreasing entrainment of fish.
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o Timing                                  ¯ I
This plan, coupled with the Peripheral Canal, is a long-term, and no~ interim, alternative.I

o Conclusion ’
I.ii

Although this alternative supports the project purposes, it does not satisfy the timing for a~
interim project. Therefore, this alternative is not retained for second,stage evaluation.                  I

Dredging South Delta ~WaterAgency Channels

o Description

This proposed alternative would dredge all of the SDWA channels in an effort to (1) satisf$’
SWDA concerns regarding water levels and circulation in the channels, and (2) enable more watt:|to reach Clifton Court Forebay.

o ¯Benefits ’ " I
Enlarging the channels would,create the ability to transfer a larger volume of mater in th~

channels, and the deeper channels would allow irrigators in the Delta that use siphons to lowerI
their intakes, which would improve performance. For .those farmers that use pumps, the deeper
channels would decrease the ch.ance of pump intakes becoming exposed, decreasing the chance of
pump damage, because of increased conveyance and channel storage. The DWR Delta
hydrodynamicsmodel does not indicate an improvement in circulation resulting from the proposed
dredging.

o Project Purposes
I

This alternative by itself does not meet either of the project purposes. It would have to be
combined with other features, such a,s a water transfer system and channel flow control structures,I
to be considered further.

o Timing

Timing to perform extensive dredging under restrictive dredge windows impacts logistics
for this alternative. It could take many years to complete dredging operations on the 75 miles of
SDWA channels.

I
o Conclusion

Since this alternative does not meet either of the project purposes, and could take manyI
years, it is not retained for second-stage evaluation.

Pay for Agricultural Pump Da~mage in the South Delta I

o Description
IThe action is compensation. It is not a physical (engineering) solution. Damage to pumps

caused by low water levels would be compensated by paying for repairs or replacement. Risk
exists that during irrigation season, pumps could fall and crops be lost. Full impacts cannot be

I
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calculated.

o Benefits

The only benefit from this plan would be monetary relief for damaged pumps. It still will
disrupt agricultural operations in the SDWA area.

o ~Project Purposes

This alternative does nothing-to satisfy the first project purpose of improving water levels
and circulation, and only partially compensates for losses. It would also not resolve the present
litigation action, nor satisfy project purpose (to improvethe second southDelta hydraulic
conditions to increase diversions into Clifton Court Forebay to maximize the frequency of full
pumping capacity at Banks Pumping Plant).

o-. Timing

Timing would not be a problem for this alternative.

o Conclusion

Since this alternative does not fulfill either project purpose, and would also not resolve the
present litigation action, it is not a viable alternative, and is not retained for second-stage
evaluation.                         , ¯

Treatment of Local Agricultural Drainage Water

o Description

This proposed alternative would entail constructing an agricultural drainage water collection
and treatment system for the islands in the SDWA area. As noted in Chapter 2 of this report, about
120,000 acres in south Delta are in irrigated agriculture. The estimated annual drainage is 1.32
AF/acre of agricultural land. The treatment systems considered would be required to remove total
dissolved solids (TDS), pesticides, organics and other contaminants from the agricultural drainage
water. The treated water could then be reused for crop irrigation or discharged into the Delta
channels.

The removal of these constituents could be accomplished by various treatment process
options. The following options have been studied for this alternative analysis.               ¯

1. Sedimentation Ponds with.Filtration

Under this option, the drainwater would be collected and discharged into sedimentation
ponds for the removal of suspended solids and organics. Coagulants would be added to enhance
removal. Following sedimentation, the drainwater would be processed through a filtrationsystem
to remove additional solids and organics.

2. Activated Carbon Filters

Under this option, the drainwater would be processed through filters which use granular
and powdered activated carbon as the filter media. There is not enough information on the
effectiveness of this process in treating agricultural drainage water, but this process has been found
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to be most effective in removing organic compounds.

3. Desalination

Desalting can be accomplished by various methods, i.e., condensation and rever~
osmosis. Desalination in the United States is accomplished by reverse osmosis simply because:d"
the higher cost of the condensation process. In reverse osmosis, the drainwater would
processed through semi-permeable membranes, removing TDS and the other contaminants fra’a~
the drainwater.

o Benefits

The removal of the referenced constituents would improve water quality and providence.
additional source of irrigation water in the area..The treated effluent would be at an acceptable~-
for reuse on irrigated land and/or discharge back into the channel.

o Project Purposes

Although this project has the potential.of providing .b.enefits to agriculture, it does not ful~
either Of the project purposes.

o Timing

This alternative could probably be accomplished within. 5 to 7 years.

o Conclusion

This alternative is not retained for second-stage evaluation, because it does not fulfill eithn~
of the project purposes.

Pumping Water From Clifton Court Forebay to a Portion of SD,W~
Agricultural Users

o. Description

This alternative proposes to pump water out of Clifton Court Forebay to the many SDWA
agriculture users on the Delta islands. As a minimum, there would need to be a pipeline install~.~
on both sides of Old River from Clifton Court Forebay to Upper Roberts. Island. In addition, them.
would be many distribution service lines throughout the south Delta.

o Benefits

The delivery of water from Clifton Court Forebay to SDWA agricultural users wo~li
eliminate, or reduce, agricultural pumping from the channels, thereby eliminating or reducing:
problems of fish entrainment at individual agricultural pump intakes. However� there would be~m,~
increase in water drawn into Clifton Court Forebay and pumped back out to the local irrigatom
This would increase fish predation at the forebay and cause fish entrainment at the new pun~:,
intakes.

o Project Purposes

This alternative would not satisfy, either of the project purposes.
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Timing

This alternative could probably be accomplished within 5 to 7 years.

Conclusion

Since this alternative would not satisfy either of the project purposes, it is not retained for
second-s~ge evaluation.

Delta.Mendota Canal/Westley Wasteway Plan

o Description

This proposed project (Figure 4-3) was one of several alternative water distribution plans
that would work in conjunction with the Peripheral Canal. The Peripheral Canal would provide the
water for distribution throughout the southern Delta to improve water supply and circulation, and
would give a net downstream flow in the major channels used by migrating fish. The plan is
discussed in DWR "Alternative Report Southeast Delta Water Control Facilities", April 20, 1976
and its November 8, 1977 supplement.

The basic plan consists of a 700 cfs pumping plant in Middle River about three miles
upstream of the Peripheral Canal to convey water up-river, channel enlargement downstream of the
pumping: plant, a San Joaquin River flow control structure, and some channelization below the end
of Westley W~teway to the San Joaquin River. A small steady flow of waterwould be pumped
out of the Peripheral Canal to .flow up the Middle River for distribution in the southeast Delta. This
would be supplemented by releases from the Delta-Mendota Canal into the San Joaquin River via
the Westley Wasteway, which would be in the order of 1,500 cfs.

o Benefits

This plan, when coupled with the Peripheral Canal, would improve the water level and
circulation in the south Delta.

o Project Purposes

This plan, when coupled with the Peripheral Canal, would improve water levels and
circulation patterns, thus furthering the first project purpose. It would also support the second
project purpose (t° improve south Delta hydraulic conditions to increase diversions into Clifton
Court Forebay to maximize the frequency of full pumping capacity at Banks Pumping Plant) by
decreasing entrainment of fish.

o Timing

This plan must be coupled with the Peripheral Canal to be implemented. Since it is a long’
term, and not an interim alternative, it cannot be completed within 5 to 7 years.

o Conclusion

Although this alternative supports the project purposes, it does not satisfy the timing for an
interim-project. Therefore, this alternative is not retained for second-stage evaluation.
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Reduce San Joaquin River Agricultural Drainage

o Description                                                                     -.~

Current agricultural drainage conditions on the west side of the San Joaquin Valley present ~
three ~basic problems: (1) salt balance; (2) water balance; and (3) toxic, or potentially toxic, trace
elements in subsurface agricultural drainage. In mid-1984, USBR, USF&WS, USGS and DFG
formed the San Joaquin Valley Drainage Program (SJVDP) to investigate drainage problems and
identify possible solutions. The four goals of the SJVDP are to: (1) minimize potential health
risks associated with subsurface agricultural drainage water; (2) protect existing and future~
reasonable and beneficial uses of surface and ground water from impacts associated with drainage
water; (3) protect, restore,, and improve valley, fish and wildlife resources; and (4) sustain the
productivity of farm land on the west side of the San Joaquin Valley.

In 1987, the SJVDP narrowed its focus on planning alternatives for solving drainage
problems to measures that could be taken within the valley itself. In 1989, the.SJVDP published a
report on preliminary planning alternatives, which would consist of combinations of drainage
management strategies falling into seven categories: (1) source control to reduce drainage from
individual farms; (2) management of shallow water tables by pumping; (3) treatment of drainage
water; (4) reuse of drainage water; (5) disposal of drainage water in the valley; (6) fish and wildlife
measures; and (7) institutional changes.

Drainage water reduction and disposal methods include irrigation improvements, reuse of
drainage water for propagation of eucalyptus trees and saltbush, and limited drainage water storage
in ground water and disposal in evaporation ponds. The .alternative also involves actions to protect
public health and to protect and restore fish and wildlife, including provision of fresh water
supplies conserved from irrigation improvements for use on existing wetlands and’ wildlife areas.

DWR is collecting and preparing studies on reuse and disposal of agricultural drainage
water in the SWP service area. Analyses emphasize trace elements, such as selenium and arsenic,
because of their potential adverse effects on water supplies and the environment.

o Benefits

Benefits would be improved water quality and fisheries.

o Project Purposes

This. alternative would not satisfy either of the project purposes.

o Timing

This alternative needs further development. However, it is likely that solutions to several
of the planning alternatives listed above could be implemented in a 5- to 7-year period. "

o Conclusion                                         .

Since this alternative would not satisfy either of the project purposes, and does not fit into
the interim time frame, it is not retained for further evaluation.
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Reduce CVP/SWP Export

o Description

This alternative would reduce the amount of water going to municipal, industrial, and
agricultural users, in the SWP service areas. Average pumping at the Banks Pumping Plant ranges
from 3800 cfs to 5000 cfs from April through September. Average pumping at Tracy Pumping
Plant ranges from 3200 cfs to 4000 cfs from July through September. Computer simulation
analysiswas done assuming 500 efs at Banks and 1000 cfs at Tracy for April through September.
Delta water levels increased 0.10 foot in April, 0.25-0.35 feet in July, and 0.10-0.20 feet in
September. For all locations except one, salinity remains the same or increases when pumping is
reduced.

o Benefits

This alternative would reduce fish losses, because of less pumping. Export reduction
would reduce reverse flow.

o Project Purposes

Other programs to hgld down demands for pumping, such as water transfers and better
water use, are already in place or are being developed. This alternative does not meet the second
projectpurpose (to improve south Delta hydraulic¯ conditions to increase diversions into Clifton
Court Forebay to maximize the frequency of full pumping capacity at Banks Pumping Plant), and
only goes a little way toward meeting ~the first (to improve water levels and circulation in the
southern Sacramento-San Joaquin Delta channels for local agricultural diversions). .

o Timing

Timing is not a problem with this alternative.

o Conclusion

Since this alternative does not satisfactorily meet either of the project purposes, it is not
retained for second-stage evaluation.

Increase San Joaquin River Flow

o Description

.This alternative could consist of any one, or several, of a number of proposed programs.
Programsthat have been proposed include reallocating New Melones Reservoir water supplies,
conjunctive use of Stanislaus and Calaveras River supplies, changing San Joaquin Valley land use,
and purchasing Tudock and Modesto Irrigation District water. Each of these plans could improve
the south Delta water situation and has been studied or is being studied in other programs. New
Melones Reservoir water is presently being used, when available, on a temporary basis to improve
water quality and fisheries in the lower San Joaquin River.

o Benefits

Any plan to increase water supply to the lower San Joaquin River and south Delta would be
beneficial. The degree of benefit depefids on the amount of water and time of availability, and the
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reliability of the source. The area benefiting the most would be the lower San Joaquin and
southeastem Delta.

o Project Purposes

Any of these programs related to increasing San Joaquin River flow could affect water
levels and circulation in the south Delta, but the effects are not known at-this time.

o Timing

The complexi’ty of implementing any of these programs related to increasing San Joaquin
River flow implementation could take which the timely determinationmeans manyyears, prevents
of impacts on the present Delta problems. The immediate needs of the south Delta would not be
satisfied by this alternative.

o Conclusion

Many upstream water s.upply plans have merit and could provide emergency water supply
in times of need. There are also complex issues that would need to be addressed, such as existing
water commitments, CVPIA provisions, Endangered Species Act impacts, the December 15, 1994
Accord, and ongoing fishery negotiations. For this reason, investigations should continue on
these programs, but the immediate needs of the south Delta would not be satisfied by. this
alternative and it is not retained for second-stage screening.

SOUT~ DELTA    WATER ~MANAGEMENT ALTERNATIVES

The following alternatives focus on satisfying the second project purpose through physical
changes in the south Delta area: to improve South Delta hydraulic conditions to increase diversion
into Clifton Court Forebay to maximize the frequency of full pumping capacity at Banks Pumping
Plant. In some cases, components have been combined in an effort to be complimentary and
accomplish the project purposes. These alternatives are considered as interim solutions to meet the
short-range goals of Governor Wilson’s water policy. Permanent long-range alternatives are
discussed in the next section.

Northern Forebay Intake with Limited Channel Dredging

o Description

This alternative Uses the existing Clifton Court Forebay, but includes a new 6-gate intake
structure of 30,000 cfs maximum capacity, located in the northeast comer of the forebay (Figure 4-
4). The existing intake would be retained for operational flexibility.

Some limited chaanel dredging would be required to assure greater flow capacity, therefore.
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
average channel depth by around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing scour monitoring program would be expanded to protect against excessive scouring. A
seepa.ge monitoring plan would be implemented to check for seepage resulting from dredging
exposlng sand lenses near the channel.
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Benefits IO

The northern intake would increase intake capacity to the forebay and allow more waterer
be taken at more preferable high fide periods (when fishery impacts are less near the forebay~.
Channel dredging would increase channel capacity .and improve conveyance, thus allowing mon~
SWP operational flexibility.

o Project Purposes

This alternative would help satisfy the .second project purpose, to improve so~th Del!~
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequenc~
of full pumping capacity at Banks Pumping Plant.

o Timing
I

This alternative can be accomplishedin a relatively short time (5 to 7 years), appropriate f~:
,an interim project.

o Conclusion I

Since this alternative would help satisfy the second project purpose and would be timely, it1
is retained for further evaluation in combination with other alternatives.

Northern Forebay Intake, Limited Channel Dredging, and South Delta Flow
Control Structures

o Description

With this alternative, Clifton Court Forebay would retainits present area of 2,100 acres
(Figure 4-5). A multigate intake structure, with about 6 gates, is proposed for the northeastern
comer of the existing Clifton Court Forebay near the confluence of Old River and Victoria and.
North Canals. This additional intake would be operated according to tidal water elevations to
increase peak forebay diversions from 12,000 cfs to over 30,000 cfs for short periods. The
existing gate ~structure, located at the southeastern comer of the Forebay, would be kept operable
and used according to changing conditions. The pumping rate at Banks Pumping Plant would go
up to 10,300 cfs. The limitations established by the Endangered Species Act would limit pump~g
rates to a great extent.

Some limited channel dredging would be required to assure greater flow capacity, therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in

!
4-28

I

C--087206
(3-087206



Figure 4-4                 ~I NORTHERN FOREBAY INTAKE CONFIGURATION
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Figure 4-5                      ~N~
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reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
channel depth by around five feet and would not be done in sections that affect theaverage stability

of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing scour monitoring program would be expanded to protect against excessive scouring. A
seepage monitoring plan would be implemented to check for seepage resulting from dredging
exposing sand lenses’ near the channel.

Four flow control structures would be installed in south Delta channels tO control water
levels, circulation and San Joaquin River flow. A separate federal regulatory permit would be
requested after f’mal approval of the SDWA settlement agreement.

The locations are: (1) Old River east of Delta-Mendota Canal (DMC) intake; (2) Middle
River south of the confluence with Trapper Slough and North Canal; (3) Grant Line Canal east of
the Forebay; and (4) Old River just west of its confluence with the San Joaquin River. The control
structures would have gates or flashboards which would be raised or removed to assure that
channel flood capacity was maintained. Also, channel, navigation would be provided by boat locks
or portage systems.

The control structure on Old River near the San’ Joaquin would be operated in the fall and
spring to help salmon migrating in the San Joaquin River. During other times of the year, this
structure would not alter flows. The other three control structures would be tidally operated during
the irrigation season~ Operations would retain high tides in south Delta channels for a longer
period of time to raise water levels. During other times of the year, these control structures would
be open and not affect local hydrology.

o Benefits

This alternative would allow more flexibility in daily SWP diversion patterns because of the
increased intake capacity and a more northerly location. By including the flow control structures, it
would improve water levels and circulation patterns in the SDWA channels. The increased pump
capacity would allow a shift in seasonal exports, to the benefit of the fishery. A flow control
structure at the head of Old. River could benefit the San Joaquin River fishery. Dredging of
channels north of the new intake would increase water circulation and carrying .capacity, and
reduce impact of pumping on .local water levels.

o Project Purposes

As noted above, this altemative combines features to satisfy both of the project purposes.

o Timing

This alternative can be accomplished in 5 to 7 years, appropriate for an interim project.

o Conclusion .

Since it meets project purposes and timing criteria, this alternative is retained for evaluation
in the second-stage screening,
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Channel Enlargement, South Delta Flow Control Structures, and Expande~
Existing Intake                                                                ¯         !

o Description

With this alternative (see Figure 4-6), the existing Clifton Court Forebay intake would ~
expanded to accommodate the additional flow, instead of constructing a new intake either at Italia~,
Slough or at the northeastern corner of Clifton Court Forebay..The maximum .capacity of tl~.
expanded intake would be 30,000 cfs. The base width of the new channel would have to ~¯
increased from its present width of 300 feet to 560 feet, to maintain the average velocity belov~
three feet per second. The south-east levee along the existing approach channel would have to
relocated approximately 260 feet inland. A 230 kV transmission line and a portion of the southem~.
forebay embankment would also have to be relocated. A building housing the controls for .~I~
facility would be placed between the two gate structures. It is anticipated that enlargement of
Canal would be required to maximize the full pumping capacity at Banks Pumping Plant and av~l~¯
scouring the channel.

Some limited channel dredging would be required to assure greater flow capacity, therefore,
lower velocity of the water, so that channel scouring would not occur. This dredging would be~
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase 1~
average channel depth by around five feet and would not be done in sections that affect the stabilJ¢~
of channel islands or levees. The dredging would only be done in areas of potential scour. /m’...¯
existing scour monitoring program would be expanded to protect against excessive scouring.. A
seepage monitoring plan would be implemented to check for seepage resulting from dredg~
exposing sand lenses near the channel.

o Benefits I

The expanded intake would increase intake capacity to the forebay and reduce the impacts.¯
to SOUth Delta water levels caused by the gate operation by allowing more water to be taken at
preferable high tide periods. Channel dredging would increase channel capacity and improve,.;
conveyance, thus allowing more SWP operational flexibility.

¯
o Project Purposes

This alternative supports both of the project purposes. 1
o Timing

. This alternative fits within an4nterim time frame.

o Conclusion

This alternative supports the project purposes and fits within an interim time fi:ame, and ~t
is therefore included in the second-stage evaluation.

¯

Enlarge Clifton Court Forebay

Increasing the forebay size. would add increased flexibility to SWP operations. Sever-d
forebay-enlargement single-component plans are being examined. A variety of combinations ~f
expanding the forebay to various islands can be studied and compared. A few of the more obvious
combinations that roughly double the forebay size are discussed below.

I
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Figure 4-6 KI.G
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Enlarge Clifton Court Forebay with Byron Tract ¯
o Description

The Byron Tract forebay expansion would approximately double the forebay area and stora~l
capacity for better pumping flexibility, and would have a larger and more northerly intake locati~t~
to minimize the impact of- gate operation on south Delta water levels and to access better qu~
water. The existing intake would be retained for operational flexibility. The hydraulic impacts ~ftl
an enlarged forebay are based on the intake gate location and surface area of the forebay rather ~
on the configuration of lands ~used. Siphons would be used to hydraulically connect the existing
forebay to the expanded forebay.

The ByronTract forebay expansion wouldincorporate about 3,100 acres and would Se
along Highway 4 on the north, Old Riverand Italian Slough on the east, and an existing 500 ~
power transmission line on the west. Anew gated intake structure would be located in &e1 ~
northeast comer near Highway 4, and a siphon across Italian Slough would connect the forebay no
the-northwest comer of Clifton Court (Figure 4-7).

The new intake structure, with a capacity of 30,000 Cfs, would require channel enlargement
along the reach of Old River between Highway 4 and Woodward Canal for about 2.5 miles lto -
enable the channel.to transfer the fl0w without exceeding the desired maximum velocity.

o Benefits          "                ’                                                  1

There would b,e more flexibility in daily SWP diversion patterns, which would improve[]
water levels somewhat in south Delta channels..Moving and enlarging the intake locations farther
north, away from the southern Delta channels, would help raise average water levels slightly in Old.
River and Grant Line Cana!, and improve the quality of the water going into Clifton Court
Forebay.

o Project Purposes            ¯

Delta channels north of the existing intake g’ates have larger cross-sectional areas than thoseI
in the south Delta. Improving the forebay and increasing the capacity of the channels to the north
would allow more water to be diverted at high tides and less at low tides. As a single component
alternative, this plan, by itself, ~atisfies the second project purpose (to improve south Delta
hydraulic conditions to increase diversions-into Clifton Court Forebay to maximize the frequency
offull pumping capacity at Banks Pumping Plant), and could be combined with other alternatives
to satisfy the first (to improve water levels and circulation in the southern Sacramento-San Joaquin1
Delta channels for local agricultural diversions).

o Timing . ¯

This alternative can be accomplished in a relatively short time (5 to 7 years), appropriate for
an interim project.

o Conclusion

This alternative is combined with other alternatives in subsequent alternative evaluations.
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Figure 4-7
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Enlarge Clifton Court Forebay With North Victoria Island

o Description !The objectives and conditions mentioned in the Byron Tract forebay expansion are also
applicable for North Victoria Island forebay expansion. Clifton Court Forebay would be enlarged
from. 2,100 surface acres to more than 5,000 surface acres. The northwest portion of VictoriaI
Island and the remaining area of Clifton Court Tract would be used to enlarge the forebay. The
southeast portion of Byron Tract would be used to hydraulically connect the existing forebay to
the new area. One siphon structure between Byron Tract and Victoria Island would be used to
hydraulically connect the expanded forebay areas (Figure ~8--Option A).

An option to the siphon would be a transfer channel crossing the southern part of the
island, connecting the southwest comer of the new forebay to the northeast comer of Clifton Court1
Forebay. This canal would require a bridge on Highway 4 and a siphon under Old River before
connecting to Clifton Court. The transfer canal would have a capacity of 18,000 cfs and would be
about two miles in length (Figure 4-8-~Opti0n B).

Two intake structures would be needed for the new forebay; a 15,000 cfs capacity structure
at the northwest comer at the Old River-North Victoria Canal juncture, and a 30,000 cfs structure1
at the northeast comer at Middle River-North Victoria Canal juncture. The existing intake would
be retained for operational flexibility, Channel enlargement by levee setback might be required in
Middle River between Woodward Canal and about one-half mile south of the AT&SF Railroad
crossing.

o Benefits

.This alternative would have the benefit of having intakes located farther north than the other
forebay alternatives. This feature would allow access to better quality water; also, it would have
somewhat less impact on south Delta water levels. As with any forebay, there would be more
flexibility in daily SWP diversion patterns.

o Project Purposes 1
Delta channels north of the existing intake gates have larger cross-sectional areas than those

in the south Delta. Improving the forebay and increasing the capacity of the channels to the north
would allow more water to be diverted at high tides and less at low tides. As a single component
alternative, this plan, by itself, satisfies the second project purpose (to improve south Delta
hydraulic conditions to ificrease diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant), and could be combined with other alternatives
to satisfy the In’st (to improve water levels and circulation in the southern Sacramento-San Joaquin|Delta channels for local agricultural diversions).

o Timing
!

This alternative can be accomplished in a relatively short time, appropriate for an interim
project. .

o Conclusion

This alternative is combined with others in subSexluent alternative evaluations.
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I Figure 4-8 .
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Figure 4-8
NORTH VICTORIA FOREBAY CONFIGURATION
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Enlarge Clifton Court Forebay with~ South Victoria Island

o Description

The objectives and conditions mentioned in the Byron Tract forebay expansion are also
applicable for a South Victoria Island forebayexpansion. The forebay would cover about 3,700
acres of the southern part of Victoria Island, and would be about 30 percent larger than the
northern alternative site. The limits of the new. forebay would be Highway 4 on the north, Victoria
Canal on the southeast side, and Old River on the west. A siphon under Old River would connect
~the new forebay with Clifton Court. Two intake structures would be needed for the new forebay;
one on Old River at Highway 4, and another on Middle River near Highway 4. The existing intake
would be retained for operational flexibility. Dredging might be required in Old River to satisfy the
15,000 cfs intake capacity. Levee setback would be required on Middle River for about two miles
to increase the channel capacity to satisfy the 30,000 cfs intake capacity there. The Middle River
channel work would be between.Highway 4 and North Victoria Canal (Figure 4-9).

o Benefits

There would be more flexibility in daily SWP diversion patterns, which would improve
water levels somewhat in south Delta channels. Moving and enlarging the forebay intakes farther
north, away from the southern Delta channels, would help improve average water levels slightly in
Old River and Grant Line Canal, but circulation would not improve much.

o Project Purposes

Delta channels north of the existing intake have larger cross-sectional areas than thosegates
in the south Delta..Improving the forebay and increasing the capacity of the channels to the north
would allow more water to be divertedat high tides and less at low tides. As a single component
alternative, this plan, by itself, satisfies the second project purpose (to improve south .Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant)), and could be combinedwith other alternatives
to satisfy the first (water levels and circulation).

o Timing

This alternative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

By itself, this alternative does not satisfy both of the project purposes, but could be
combined with some oth6r alternative to do so. This is done in subsequent alternative evaluations.

Enlarge Clifton Court Forebay with Coney Island

o Description.

The objectives and conditions mentioned in the Byron Tract fo~ebay expansion are also
applicable for the Coney Island forebay expansion. The forebay formed would be 900 acres. The
Coney Island forebay expansion would connect to Clifton Court Forebay by a siphon. It would
,receive its water from Clifton Court. A little over five miles of embankment would be needed
around theisland (Figure 4-10).
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Figure 4-9
SOUTH VICTORIA FOREBAY CONFIGURATION                                         I
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Figure 4-10                                           ¯
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o Benefits

A relatively small amount of additional storage would be gained. No new intake would be
needed since the expanded forebay would get water from Clifton Court.

o Project Purposes

Delta channels north of the existing intake gates have larger cross-sectional areas than those
in the south Delta. Improving the forebay and increasing the capacity of the channels to the north
would allow more water to be diverted at high tides and less at low tides. As a single component
alternative., this plan, by itself, satisfies the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant), and could be combined with other alternatives
to satisfy the first (to improve water levels and circulation in the southern Sacramento-San Joaquin
Delta channels for local agricultural diversions).

o Timing

This alternative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

Combining this alternative with other alternatives is explored in subsequent alternative
evaluations.

Enlarge Clifton Court Forebay with Union Island

o Description

The objectives and conditions mentioned in the Byron Tract forebay expansion are also
applicable for this alternative. The new forebay area would include Coney Island (900 acres) and a
small portion, about 2,000 acres, of northwestern Union Island. A northern intake structure
would be located nea~ the juncture of North Canal and Old River, or about 1.5 miles east of that
location. The existing intake would be retained for operational flexibility. Siphons would connect
the Union Island forebay expansion with Coney Island, and Coney Island with Clifton Court
Forebay. Channel dredging and/or levee setback would be required on Old River, Middle River,
Victoria Canal, and possibly North Canal (Figure 4-11).

o Benefits

Additional forebay .would pr.ovide more flexibility in the daily SWP diversion patterns.
Water would be diverted only during high tide periods, which would improve water levels
somewhat in south Delta channels. Moving the forebay intake farther north and enlarging it would
also help improve average water levels slightly in Old River and Grant Lhae Canal, especially with
a CVP tie-in to Clifton Court.                            "             "

o Project purposes

Delta channels north of the existing intake gates have larger cross-sectional areas than those
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Figure 4-11
UNION ISLAND FOREBAY CONFIGURATION
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’
i~ the south Delta. Improving the forebay and increasing the capacity of the channels to the north

would allow more water to be diverted at high tides and less at low tides. As a single component
alternative, this plan, by itself, satisfies the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant), and could be combined with .other alternatives
to satisfy the In’st (to improve water levels and circulation in the southern Sacramento-San Joaquin
Delta channels for local agricultural diversions).

o Timing                                                         ~

This alternative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

Additional improvement would result by combining this alternative with other alternatives,
such as channel flow control structures, which is done in subsequent alternative evaluations.

channel. Enlargement, South Delta Flow Control Structures, and Enlarged
Forebay at Byron Tract

o Description

Several forebay enlargement plans with flow control structures included are proposed in the
following pages. The Byron Tract forebay expansion area is similar to that in the previous forebay
enlargement description (see Figure 4-7)~ It would cover about 3,100 acres of farm land, have a
new 30,000 cfs intake in the northeast comer of the new forebay, siphons to hydraulically connect
the existing forebay to the expanded forebay, and require channel enlargement by levee setback for
about 2.5 miles of Old River. It would also have up to four flow control structures installed in
south Delta channels (see Figure 4-1), and would allow flexibility in export pumping times, with
an increased maximum rate of 10,300 cfs.

o Benefits

There would be increased flexibility in pumping and opportunity for future water banking
and also improved water qu.ality in the forebay. Water could possibly be released from the old
intake on Clifton Court for improv.ements in water levels and quality in the south Delta during
emergencies. There would be opportunities toreduce fish loss by export flexibility, such as
shifting of exports away from periods of high fish abundance, and possibly from a change in
operation of the Delta Cross Channel to ’reduce entrapment of fish in the interior of the Delta. A
direct SWP diversion from Italian Slough could be constructed to reduce predation losses, if this
provesdesirable. Improved intake gate operation, because of large capacity, would have less
impact on local water levels by using the high tidal cycle to better advantage. In addition, at some
later date, a connection to serve Contra Costa Water District could be constructed, if desired. Also,
in case of a levee failure, a larger emergency water supply would be available to add to the existing
forebay:

Fishery improvements could be derived in the San Joaquin River by using the control
structure at the head of Old River. Improvement in water levels and circulation upstream of the
structures would result from operating gates in conjunction with high tide periods.
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o Project Purposes

This alternative supports both project purposes.

o Timing

This alternative can be accomplished in a relatively shorttime, appropriate for an interim
project.

¯
o Conclusion

All alternatives utilizing enlarged forebay plans have the greatest benefits when combined
with control structures and operational improvements. As such, and since it meets both project
purposes, this alternative is retained for second-stage screening.

Channel Enlargement, South Delta Flow Control Structures, and Enlarged
Forebay at North Victoria Island

o Description

The North Victoria forebay expansion area is the same as described in the previous forebay
enlargement description. Clifton Court Forebay would be enlarged from 2,100 surface acres to
more than 5,000 surface acres. The northwest portion of Victoria Island and the remaining area of
Clifton Court Tract would be used to enlarge the forebay. The southeast portion of Byron Tract
would be used to hydraulically connect the existing forebay to the new area. One siphon structure
between Byron Tract and Victoria Island would be used to hydraulically connect the expanded-
forebay areas (see Figure 4-8--Option A).~

An option would be a transfer, or connection, channel to carry the water south to Clifton
Court Forebay (see Figure 4-8--Option B). This canal would bisect the southern half of Victoria
Island and connect to the northeast comer of Clifton Court and would require a bridge on Highway
4 and a siphon under Old River at Clifton Court. !t would have a carrying capacity of 18,000 cfs
and would be about two miles long.

Two intake would be needed the north side of the withstructures at newforebay;one a
capacity of 15,000 cfs and the other 30,000 cfs. About one mile of levee setback might be needed
in Middle River between Woodward Canal and the AT&SF railroad crossing, Four flow control
structures would be installed in south Delta channels (see Figure 4-1).

Pumping rates would be shifted and increased up to 10,300 cfs during periods that would
not harm fish to help alleviate the water supply impacts from Endangered Species Act limitations.
Exports would be lowered during fish migration periods to reduce impacts to the various species.
The larger forebay would give greater operational freedom to store more water at high tide periods
and result in less impact at low stages on local channel water levels. Greater intake capacity would
permit more flexible operation around the high tidal cycle, and when combined with the northerly
location, would help improve water levels in the south Delta channels. The structures installed in
the south Delta channels would be operated to take full advantage of the tidal hydraulics to improve
water levels and circulation.

Benefits

There would be more flexibility in pumping operations than with options without forebay
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expansion, and this alternative would provide opportunity for later water banking at southern
storage sites. There would be improved water quality in the forebay and south Delta channels;
wi th potential for use of the old intake to release water to south Delta during critical low water
periods. A connection to serve the contra Costa Water District could also be constructed later if
desired. Selective operation of the flow control structures and intake gates would improve water
levels and circulation in the south Delta channels. This would improve recreation and fisheries,
which would also be helped if the control structure on Old River just west of the confluence with
the San Joaquin River was installed.

o Project Purposes.

This alternative supports both project purposes.

o Timing

This altemative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

All al~matives utilizing enlarged forebay plans have the greatestbenefits when combined
with control structures and operational improvements. As such, and since it meets both project
purposes, this alternative is retained for second-stage screening.

Channel Enlargement, South Delta Flow Control Structures, and
Enlarged Forebay at South Victoria Island

o Description

The South Victoria forebay expansion area is described in the earlier South Victoria Island
forebay enlargement discussion (see Figure 4=9). It would cover about 3,700 acres of the southern
part of Victoria Island south of Highway 4. Two northern intake structures would be built on the
new forebay; one on Old River at Highway 4, and another on Middle River near Highway 4. A
siphon under Old River would connect the new forebay with Clifton Court. Dredging would be
required in Old River to satisfy the intake capacity. Levee setback might be, required on Middle
River for about two miles to gain enough channel capacity for the large intake at the northeast
comer of the new forebay. Four flow control structures would be built in south Delta channels
(see Figure 4-1).

Pumping rates from the SWP pumps would increase up to a maximum of 10,300 cfs
during high flow winter months to help alleviate the water supply impacts from Endangered
Species Act limitations. Exports would be lowered during fish migration periods to reduce impacts
to the various fish species. The larger forebay would give greater operational freedom to store
more at high tide periods and result in less impact on local channel water levels. Greater intake
capacity would permit more flexible operation around the high tide cycle, and when combined with
the northerly location, would help improve water levels in the south Delta channels. The structures
installed in the south Delta channels would be operated to take full advantage of the tidal hydraulics
to further improve water levels and circulation.

o Benefits

There would be more flexibility: in pumping operations and opportunity for later water
banking during high flow periods. There would be improved water quality in the forebay and
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south Delta channels, with potential to use the old intake to release water to the south Delta during
critical low water periods. A connection to serve Contra Costa Water District could also be
constructed later if desired. Selected operation of the flow control gates and intake gates would
improve water levels and circulation in south Delta channels. Recreation and fisheries would also
be helped by the flow control structure at the head of Old River.

o Project Purposes

This alternative supports both project purposes.

o Timing

. This alternative Can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

All alternatives utilizing enlarged forebay plans have the greatestbenefits when combined
with control structures and operational improvements. As such, and since it meets both project
purposes, this alternative is retained for second-stage screening.

Channel Enlargement, South Delta Flow Control Structures,
and Enlarged Forebay at Coney Island

o Description

The Coney island .forebay expansion was described in the previousforebay enlargement
description for Coney Island (see Figure 4-10). It would only cover 900 acres, would connect
with Clifton Court by a siphon, and would not have an intake but would receive water from Clifton
Court. A little over five miles of embankment would be needed around the island. With no new
intake feature planned, it is doubtfu!that the additional area would have optimum utilization; also,
drawdown .in the local channels below the flow structures would be increased because of the
additional volume of pumping during certain times of the year.

Four flow control structures would be built in south Delta channels (see Figure 4-1).
These would be operated to take full advantage of the tidal hydraulics to improve water levels and
circulation.

Pumping rates from Banks Pumping Plant would have the capability to pump 10,300 cfs
during high flow winter months. The larger forebay would give a little better operational flexibility
to store surplus flows.

°o Benefits

Selective operation of the flow control structure gates would improve local water levels and
circulation. Also, there would be an improvement in recreation and fishery with the structure at the
head of Old River.

o Project Purposes

This alternative supports both project purposes.
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o Timing

This altemative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

All alternatives utilizing enlarged forebay plans have the greatest benefits when combined
with control structures and operational improvements. As such, and since it meets both project
purposes, this alternative is retained for second-stage screening.

Channel Enlargement, South Delta Flow Control Structures,
and Enlarged Forebay at Union Island

o Description

The Union Island forebay expansion was described in the previous Union Island forebay
enlargement alternative description (see Figure 4-11). It would include Coney Island (900 acres)
and a 2,000-acre portion of northwestern Union Island. A new northern intake structure would he
constructed at the juncture of Noixh Canal and Old River, or about 1.5 miles east of that location.
Siphons would connect Union Island with Coney Island, and also Coney Island with Clifton Court
Forebay. Channel dredging and/or levee setback would be required on Old River, Middle River,
and possibly North Canal.

Up to four flow control structures would be built in south Delta channels (see Figure 4-1).
These would be operated to take full advantage of the tidal hydraulics to improve local water levels
and circulation.

Pumping rates from Banks Pumping Plant would increase up to a maximum of 10,300 cfs
during high flow winter months to help alleviate the water supply impacts from Endangered
Species Act limitations. Exports would be lowered during fish migration periods to reduce
impacts to the various fish species. As planned, the larger forebay would allow greater operational
freedom to store water at high tides and result in less impact at low tides to local channel water
levels. Greatei" intake capacity would permit more flexible operation around the high tide cycle,
and when combined with the northern location, would help improve water levels and circulation in
the south Delta channels.                ¯

o. Benefits

There would be more flexibility in pumping operations and opportunity for later water
banking, if available, during high flow periods and periods where pumping would not impact
fisheries. There would be improved water quality in the forebay and in south Delta channels, with
potential for use of the old intake to release water to the south Delta during critical low water
periods. A connection to serve Contra Costa Water District could also be constructed at a later time
if desired. Selected operation of the flow control gates and forebay intake gates would improve
water levels and circulation in south Delta channels. This would improve recreation and fisheries,
which would also be improved by the flow control structure at the head of Old River.

o Project Purposes

This alternative supports both project purposes.
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o Timing

This alternative can be accomplished in a relatively short time, appropriate for an interim
project.

o Conclusion

All alternatives utilizing enlarged forebay plans have the greatest benefits when combined
with control structures and operational improvements. As such, and since it meets both project
purposes, this alterfiative is retained for second-stage screening.

PERMANENT LONG-RANGE ALTERNATIVES

These alternatives are large, long-term plans. As outlined in the Governor’s April 6, 1992
Comprehensive Water Policy, a long-term solution must be developed for the protection of the
Bay-Delta estuary. The long-term planning process will guide the planning and decision-making
process for this long-term solution. The Conclusions reached on each of these.alternatives reflects
their appropriateness to fill the short-range interim needs of the south Delta rather than the long-
range needs of the entire estuary.

Isolated Water Trans_fer Facilities

Peripheral Canal

o Description

This water tran~sfer concept, with various modifications, has been studied and presented for
public acceptance numerous times in the past 30 years. The State-federal plan as described in the
"Report in Response to Senate Concurrent Resolution No. 73," July 1, 1977, and also described
in the DEIR for Peripheral. Canal, published by DWR in August 1974, was composed of many
physical features. These included: 42 miles of unlined channel from Hood, on the Sacramento
River, to Clifton Court Forebay; an intake structure and fish screen at Hood; a pumping plant
(21,.800 cfs capacity); n°umerous siphons, bridges and access roads; water release structures
located along the length of the canal at major rivers and slrughs; and a connection between Clifton
Court Forebay and Tracy Pumping Plant (CVP). This large project would be built in threestages
(Figure 4-12). The "State-only Gravity Canal" was a scaled-down version of the State-federal plan
and would only carry enough water to meet SWP exports.

o Benefits

Releases from the canal for water quality control, Delta needs and fishery would be made at
strategic locations along the east side of the Delta. Canal releases would~ provide positive.
downstream flows in Delta channels and would contribute to the outflow, required to control
salinity intrusion. By eliminating reverse flows in the western Delta, this alternative would reduce
t~he amount of water needed for salinity control and thus conserve water for increased project yield.
Provisions would be provided for passage of floodflows, migrating fish, and boats.

o Project Purposes

This alternative would support the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to .maximize the frequency

pumping capacity at Pumping Plant), not by support projectof full Banks butwould the first
purpose of improving water levels and circulation in the south Delta.
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Figure 4-12 Hood
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o Timing

This is a long-term solution to the Delta, and not an interim solution.

o Conclusion

This alternative is not evaluated further becaus~ it is a long-term solution to the Delta,. and
~will be addressed in the long-term planning process.

Dual Transfer System

o Description

This plan is comprised of an east Delta conveyance channel, very similar to the Peripheral
Canal but only about one-(bird its size, and continued use of existing Delta channels as
conveyance facilities. About 7,500 cfs of the SWP/CVP export water would flow through the new
channel. Under the basic .alternative, the ~new channel would¯ operate by gravity and would only
have about a 3-foot drop from the intake on the Sacramento River to Clifton Court Forebay. It
would have five siphons at the major river crossings and would have several release structures at
desired locations (Figure 4-13). To compliment the basic plan, there are several design options
that would boost flow to improve water transfer (pumping plants and Sacramento River control
structure), and provide additional protection for Delta fish. Also, there are a number of options to
reduce or mitigate damage to fish, such as various fish screen and fish return designs, and
hatcheries.

o Benefits

The new channel would improve water transfer efficiency across the Delta. Any needs of
the SWP beyond the capacity of an east Delta conveyance channel would be met by existing project
facilities, which for the most part would only be operated during high flow periods or when there
is minimal impact to fish.

o Project Purposes

support project purpose (to improve southThis alternativewould the second Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant), but would not by itself support the first project
purpose of improv)ng water levels and circulation in the south Delta.

o Timing

This alternative is a long-term, not an interim, solution.

o Conclusion

This alternative is not evaluated further because it is a long-term solution to the Delta, and
will be addressed in .the long-term planning process.
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Figure 4-13
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Modified Folsom-South Canal

o Description

This alternative plan would control water transfer through existing Del~a channels and
enlarged channels, install various new features to improve water levels and circulation in the central
and southern Delta~ and eliminate reverse flows in the San Joaquin River. The proposed
Sacramento River Hood-Clay connection and the F01som-South Canal would be enlarged to divert
3,800 cfs for release down the Mokelumne, Calaveras, and Stanislaus Rivers. However, the
Folsom-South Canal was never completed south of the latitude of Hood. Other features would
~include channel closures, channel improvements, and a siphon for the Mokelumne River under the
San Joaquin River to control water transfer through existing channels. A fish screen at Hood and
boat passage facilities at the various channel closures would be needed (Figure 4-14). The
modified Folsom-South Canal alternative is described briefly in DWR Delta Water Facilities
Bulletin 76, July 1978.

o Benefits

Rdverse flow problems arid water level and circulation problems in the eastern Delta would
be improved somewhat.

o Project Purposes

This altemative would both of the projectpurposes.

o Timing

This alternative is a long-term, not~an interim, solution.

o Conclusion

This alternative is not evaluated further because it is a long-term solution to the Delta, and
will be addressed in the long-term planning process.

West or Central Delta Canal

o Description.

The West Delta Canal and the Central Delta Canal are two separate projects with different
alignments, but would have similar features and costs, and would have similar benefits and
impacts. Each would have an 18,000 cfs unlined canal with headworks at Isleton. The alignments,
traverse through several Delta islands and terminate at Clifton Court Forebay. Physical features
include fish screens, siphons, bridges, cross channel closures, and water release structures. Good
quality water would be transported to Clifton Court Forebay with certain releases made at key
locations~along the alignment to provide positive downstream flows in Delta channels (Figures 4-
15 and 4-16).

o Benefits

This type of alternative would eliminate cross-Delta flows and flow reversals, and would
improve fishery conditions. Export pumping reliabilitY would be improved.
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Figure 4-15
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o Project Purposes

This alternative would support the project purposes. ~

o Timing

This alternative is a long-term solution to the Delta~

o Conclusion

This alternative is not evaluated further because it is a long-term solution to the Delta, and
will be addressed in the long-term planningprocess.

Through-DelCa Facilities

New Hope Cross Channel

o Description

This Delta water transfer proposal actually has two plans, both of which use interior Delta
channels for part of the water transfer to the Delta Pumping Plant. New Hope Cross Channel was
introduced in 1978 as a long-term Delta transfer solution. The canal portion of the New Hope
alternative follows a portion of the Peripheral Canal alignment. Discussions of the New Hope
Cross Channel project can be found in DWRDelta Water Facilities Bulletin 76, July 1978, and
also in a DWR report entitled "Alternatives For Delta Water Transfer," November 1983.

One alternative plan is the New Hope Cross Channel and Enlarged Clifton Court Forebay
(Alt. A on Figure 4-17). The north canal portion .isa 12.3-mile reach from Hood to Beaver
Slough. Water taken from the Sacramento River at Hood would be discharged into the
Mokelumne River, Lost Slough, and enlarged Beaver Slough. The South Fork Mokelumne River
would be enlarged, and an 8,000-foot channel constructed across Staten Island to convey water to
the North Fork Mokelumne. The Delta Cross Channel would be closed and a boat lock provided
for small boats. The initial canal capacity would be 16,500 cfs and would require pumping.
About 4,500 cfs would be released into Lost Slough and 1,500 cfs into Mokelumne River. The
remaining water would be conveyed on to Beaver Slough and South Fork Mokelumne. A short
canal section across Staten Island would transfer 6,500 cfs from the South Fork to the North Fork
Mokelumne. Additionally, flood flows from Stone Lake would pass over the canal into Snodgrass
Slough through a gated weir. The canal reach between Lost Slough and Mokelumne River would
be designed to be overtopped with floodwater. This. would require flood gates in the canal at both
ends of this reach. Clifton Court Forebay would be increased to twice its present capacity. There
would be an additional intake on Old River near Indian Slough. New fish screens would be
required at the New Hope Channel intake and at both intakes to the forebay, and a more efficient
fish collector system installed at the Delta Mendota Intake Channel. The CVP would continue to
pump exports from the Delta.

The other altemative is the New Hope Cross Channel and South Delta Intake Channel (Alt.
B on Figuie 4-17). This facility would combine the New Hope Cross Channel (as described) with
a South Delta Intake Channel. There would be no enlarged forebay plan. The South Delta channel
is a 12-mile canal which, would be on the Peripheral Canal alignment between the San Joaquin
River and Clifton Court Forebay. ’ Water would be released into Middle River for water quality
purposes.
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Figure 4.17
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o Benefits

With the Enlarged Clifton Court Forebay plan, reverse flows around Sherman island
would be eliminated, but some reverse flows in the central Delta would continue.

With the South Delta Intake Channel plan, reverse flows in Old and Middle Rivers would
be eliminated but would continue in the western Delta and extend further into the eastern Delta.
Fish in the south Delta would not be subject to the effects of the pumps, but adverse effects on
anadromous fish in the San Joaquin River system would continue. This project has the effect of
moving the Delta and Tracy Pumping Plant intakes to the San Joaquin River. The CVP would still
pump exports from the Delta as is presently done.

o Project Purposes

This alternative would support the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant), to some degree, but would not by itself support
the In’st project purpose of improving water levels and circulation in the south Delta.

o Timing

This alternative is a long-term solution to the Delta.

o Conclusion

This alternative is not retained for second-stage screening, because it is a long-term
solution to the Delta, and will be addressed in the !ong-term planning process.

Waterway Control Plan

o Description

This alternative would use Delta channel control structures to hydraulically isolate about
one-third of the Delta for conveying project water..Portions of levees upstream of the channel
structures would be rehabilitated to handle water levels. Control structures or pumping plants
would divert Sacramento River water into the Mokelumne River system through the Delta Cross
Channel and Georgiana Slough. This diverted water, combined with the Mokelumne River flows,
would be siphoned under the San Joaquin .River. Middle River and Old Rivers, plus other
channels, would be used for conveyance from the siphon to the export pumps. Construction
features include enlarged Delta channels, a pumping plant, fish screens, navigation locks, fish
passage facilities, control structures, a siphon, channel closures, and levees (Figure 4-18).

o Benefits

The project would eliminate reverse flows and co-mingling of transfer flows with saline
water in the western Delta. It would provide positive downstream flows in major channels and
improved water levels and circulation in central and south Delta. It would also improve some of
the levees in the Delta.

o Project Purposes

This alternative would support the project purposes.
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Figure 4-18 ~ ~- i
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o Timing

This alternative is a long-term solution to the Delta.

o Conclusion

This alternative is not evaluated further because it is a long-term solution to the Delta, and
will be addressed in the long-term planning process.

North Stub Canal

o Description

This alternative is a full-sized canal, .capacity about 23,000 cfs, following the Peripheral
Canal alignment from Hood to the San Joaquin River. Water releases would be made intO sloughs
flowing into the Mokelumne River for water quality purposes. Good quality water would then be
transported through Middle and Old Rivers to the export pumps. There would be about 24 miles
of canal, a new intake and fish screen, and two siphons constructed (Figure 4-19).

o Benefits

Reverse flows would be reduced in the western Delta. Better water quality would be made,
available in the Mokelumne River and central Delta.

o Project Purposes

This alternative does not satisfy either of the project purposes, because no flexibility in
pumping is gained, and nothing is done to increase water levels or circulation in SDWA channels.

o Timing

This alternative is a solution.long-term

o Conclusion

Since this alternative does not satisfy the project purposes,.it is not carried forward to the
second-stage evaluation. As a long-term solution to the Bay estuary problems, it would need to be
combined with other features, or used as a first stage of a Peripheral Canal plan.

South Stub Canal

o Description

This alternative, like the North Stub Canal, is a~ segment of the Peripheral Canal. It has the
effect of moving the pump intakes in the south Delta northward to the San Joaquin River west of
Stockton. The alignment would be from the San Joaquin River to Clifton Court Forebay. The
canal would be 12 miles long and would have a capacity of 18,500 cfs. _Water releases would be
made into Middle River for water quality purposes. It would eliminate reverse flow in Old and
Middle Rivers, and reduce scour and tidal fluctuations in southern Delta (Figure 4-20).
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Figure 4-19
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o Benefits

Project would solve some of the reverse flow problems, mainly in south Delta. Fishery
impacts at the SWP pumping plant would be reduced.

o Project Purposes

By reducing fishery impacts and facilitating the delivery ~of water to the forebay, this
= alternative would support the second project purpose, to improve south Delta hydraulic conditions
to increase diversions into Clifton Court Forebay to maximize the frequency of full pumping
capacity at Banks Pumping Plant.

o Timing

This alternative is a long-term solution.

o Conclusion

Since this alternative is a long-term, and’not interim, solution, it is not carded forward tO
the second-stage evaluation. As a long-term solution to the Bay estuary problems, it would need to
be combined with other features, or used as a first stage of a Peripheral Canal plan.

Physical Barriers

Various versions of physical barriers have been proposed and studied over the years. The
basic purpose of these barriers have been to isolate different portions of the San Francisco Bay
from the salinity and tidal effects of the Pacific Ocean and create large inland fresh water lakes for
water supply. Opposition to this type of water supply alternative has mainly been due to its major
interference with the natural interrelation between the Pacific Ocean and the Bay-Delta Estuary, and
the potential adverse impacts on the anadromous fish and other aquatic species.

Physical barriers have been studied many times over the years, but have considerable
environmental objections, and would be very costly to build.

Plans which involve a physical barrier concept in the Delta have been proposed in various
reports by federal, State and local agencies since 1880. In 1963, the Corps of Engineers published
a report entitled, "Technical Report on Barriers." It covered a multitude of proposals including
Chipps Island, Dillon Point and Point San Pablo barriers. A physical barrier restricts
¯ commingling of fresh waters going downstream and saline waters of.San Francisco Bay: In
addition, it would permit pumping of the fresh water pool above the barrier for local water supplies
and export requirements. The barrier would eliminate the influence of tidal action on Delta
channels. The Delta area north of the San Joaquin River would have net flows as in present
channel regimen, whereas the southern and western Delta would come under the influence of the
export pumps, and reverse flows could be experienced in many channels. The barrier structure
and associated works would have to be capable of passing anadromous fish and would need an
acclimation system lbr their movement from saline to fresh water and vice versa. It would need
both a large commercial navigation lock and a small craft lock for boat passages, l.z~eal water
needs would be met directly from the channels.

Although the rising environmental concerns have made the likelihood of implementing this
type of altemative more remote, a representative alternative is included here in the interest of a more
comprehensive alternative analysis process.
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Chipps Island Barrier

o Description

I The Chipps Island Barrier site would be located in the Sacramento River, connecting
Chipps,Island with Mallard Island (Figure 4-21). There would also be dikes across Spoonbill ¯
Creek. The Sacramento River at the site is about 3,000 feet wide and has a maximum depth of

i 56 feet below mean sea level. The barrier would include an embankment, a gated floodway
structure, four navigation locks, a salt scavenging system, a fish passage, a removable fuse plug,
and other miscellaneous features. Mallard Island would be removed and replaced by the fuse plug.
Channel excavation would be required for about two-thirds of the length of the barrier. TheI floodway structure would consist of 36 gated bays, with each bay 80 feet wide. The concrete
base slab would be 15 feet thick and 90 feet widewith 125-foot piles as the foundation.

I Four navigation locks would be constructed parallel to the northern shore between the
_. floodway and Chipps Island. Approach channels would be excavated to a depth of 45 feet and a

width of 600 feet. The locks themselves would range from 300 to 800 feet in length and from 45
to 96 feet in width.

Operation of the locks would result in salt water intrusion into the barrier pool. The denser
salt water would displace the fresh water at the bottom of the pool, allowing the salt water to be

I collected in a sump. Removal of the salt water would be accomplished through a salt scavenging
system. The salt water could be used in an adjacent fish ladder for fish attraction and
acclimation.The fish ladder itself would be concrete and about 670 feet long and 30 feet wide.

To meet defense requirements, a fuse plug with approach channels would benational
constructed near the southern shore. The plug would consist of four concrete cellular caissons,
with three 100 feet long and one 75 feet long. Two center caissons would be removable. An .

I approach channel would need to be dredged 200 feet wide with a bottom elevation of 44 feet. This
would extend 6,000 feet both upstream and downstream.

I The U.S. Public Health Service has rec’ommended that, for any barrier of this type, all
municipal and industrial effluent be diverted downstream of the barrier pool. A waste disposal
conduit for Chipps Island Barrier would serve nine industrial and two municipal dischargers.
Industrial cooling water facilities would also be needed.

I              . Levees in Suisun Bay and in the Delta would require strengthening and raising under the
new hydraulic conditions. Also, numerous reaches of channels in the Delta would need to be

I dredged to provide capacity for water transfer and navigation. It is estimated approximately six
million cubic yards of material would be dredged.

!
o Benefits

This project would control salinity, as there would be no mixing of saline and fresh waters.
This would conserve water for export.

I. o ProjectPurposes

i Although tlie barrier alternatives violate the institutional framework associated with the
Delta, they would support the second project purpose, to improve south Delta hydraulic conditions
to increase diversions into Clifton Court Forebay to maximize the frequency of full. pumping
capacity at Banks Pumping Plant
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I1
i o Timing

This alternative is a long-term alternative, not an interim one.

" I
o Conclusion

Because of the long-term time frame of the Chipps Island Barrier, it is not retained for
second-stage screening.,

AGENCY ./ PUBLIC INPUT ALTERNATIVES

Five of the alternatives inthe EIR/EIS were developed through advanced review of the
initial 404(b)(1) process. This review consisted of several interagency meetings with NMFS,
USFWS, EPA, USACE, USBR, DFG and DWR. Many of the alternative components discussed
in the review are included in this report, earlier in this chapter. The remaining alternative
components are evaluated below, consistent with all other 404(b)(1) alternative screening.

Reduction of CVP/SWP Exports and Management or Reduction of Demand
for SWP Water

o .Description                         ,

The "Reduction of CVP/SWP Exports" component of this alternative is covered earlier in
this chapter under the category, "South Delta Water Agency Alternatives." The "Management or
Reduction of Demand for SWP Water" component is covered earlier in this chapter under the
category, "Level II Options."! .o Project Purposes

This alternative does not meet either project purpose.

o Timing

Timing is not a with this altern’ative.problem

o Conclusion
I Since it does not satisfy either project piarpose, this alternative would not normally be

retained for further evaluation. However, in meetings held between DWR, USBR and several¯

i State and federal agencies, it was the consensus opinion that this alternative should be retained for
further evaluation,and it is therefore included in the second-stage screening and in the EIR/EIS.

I Head of Old River Barrier, Modification of CVP/SWP Exports,
Consolidation of Agricultural ~Diversions, Extension of Agricultural
Diversions, Improvement of SWP Pumping Capability

o~ Description

(1) Head of Old River barrier (fall installation only)

This component would continue installation of a temporary rock barrier at the,head of Old
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River only in the fall of each year.

(2) Modification of CVP/SWP exports

This component would require operating under the CVP/SWP pumping limits per the
December 15 Accord, except during the April 15 to May 15 period, when allowable project exports
would be reduced to no greater than 50% of Vemalis flow, or 1,100 cfs, whichever was greater
(see footnote 22 State Water Resources Control Board Water Quality Control Plan, May 1995).
Current plan states 100%.of Vemalis flows, or 1,500 cfs, whichever is greater..

(3) Consolidation of agricultural diversions, extension of diversions with
dredging as needed

Agricultural diversions would be consolidated in reachesof Old and Middle Rivers, and
Paradise Cut (Figure 4-22). Forty diversions would be consolidated to 10, with fish screens
installed on the consolidated diversions. Approximately 250 acres of regulating reservoirs (Figure
4-23) would be required at the consolidated diversions, because of variable demand and pump
rates, with the surface area of the largest reservoir being approximatily 90 acres. Channel dredging
would be necessary in Middle River and North Paradise Cut, and pump platforms in these
channels would need to be removed and rebuilt with longer intake pipes.

(4) Extension of agricultural diversions

Where consolidation is not feasible, the pump intakes at agricultural diversions would be
extended. Fifty three ~pump intakes would require extensions averaging three feet in depth.

(5) Improve SWP pumping capability

SWP pumping capability would be improved to 10,300 cfs by installing new Clifton Court
Forebay intake gates and dredging.

o Benefits

(1) The barrier at the confluence of Old River and San Joaquin River would improve water
quality near Stockton and help salmon migrating up the San Joaquin River.
(2) Modification of exports would reduce fish losses, because of less pumping. Export
reduction would reduce reverse flow.
(3),(4) Consolidating diversions could reduce fish losses to salmon, but screening to protect eggs,
larvae or delta smelt has been unsuccesful,
(5) Improving SWP pumping capabilitywould reduce fish losses related to SWP pumping by
enabling more pumping at times when fish loss would be less.

o Project Purposes

This alternative would support the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks Pumping Plant. It wouldnot support the first project purpose
(to improve water levels and circulation in the southern Sacramento-San Joaquin Delta channels for
local agricultural diversions), because there would be no improvement in circulation in the
channels.. Attempts to find feasible solutions to the circulation problem have been unsuccessful.
To solve the problem, agricultural drainage would have to be consolidated and transported far
enough away from the south Delta so that .flows in Delta channels will not bring the drainage back
into the south Delta. This solution is not feasible.
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o Timing

It should not take longer than 5 to 7 years to implement the components of this alternative.

.o Conclusion

Since it does not satisfy ,the second project purpose, this alternative would not normally be
retained for further evaluation. However, in meetings held between DWR, USBRand several
State and federal agencies, it was the consensus opinion that this alternative should be retained for
further evaluation, and it is.therefore included in the second-stage screening and in the EIR/EIS.

Northern Forebay Intake, Limited Channel Dredging, South Delta Flow.
Control Structures, and an Additional Clifton Court Forebay Intake at
Italian Slough

o Description

The Italian Sloughintake structure (see Figure 4-24) would be operated during periods of
very low SWP exports, when. Clifton Court Forebay was not in use. The intake facility would
include a four-bay flashboard structure which would allow water from Italian Slough to be diverted
into the intake channel of the California Aqueduct. The 630-foot opening that connects the forebay
to the intake channel would be blocked with a rock dam. This breach would be filled either using a
barge that would be located in Italian Slough or using trucks. The time required to place or remove
the rock dam would be from 4 to 6 weeks. Once the temporary rock dam was in place, the
flashboards would be removed from the intake structure. The intake would remain open and water
would be pumped as allowed by tide levels.

Because of the limited hydraulic capacity of Italian Slough, Delta diversions would be
physically limited to approximately 2,300 cfs or 4,560 acre-feet per day. When the tides prevented
pumping, the structure would remain open. When higher export pumping rates were needed, the
flashboards would be reinserted and the rock dam would be removed, allowing access to the
forebay.

Some limited channel dredging would be required to assure greater flow capacity, therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
average channel depth by around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in of potential scour. An
.existing scour monitoring program would be expanded to protect against excessive scouring. A
seepage monitoring plan would be implemented to check for seepage resulting from dredging
exposing sand lenses near the channel.

o Benefits

This alternative would lower fish :oss per unit of water by diverting from anaturalchannel,
thereby avoiding forebay predation losses. If exports are limited by other restrictions, then this
alternative could be useful. Channel dredging would increase channel capacity and improve
conveyance, thus allowing more SWP operational flexibility.

o Project Purposes,

¯ The maximum pumping capacity of this alternative is probably between 1,000 cfs and
3,000 cfs, which would support but not fully meet the second project purpose (to improve south
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Delta hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the
frequency of full pumping capacity at Banks Pumping Plant). The flow control structures support
the f’u’st project purpose (to improve water levels and circulation in the southern Sacramento-San
Joaquin Delta channels for locfil agricultural diversions).

o Timing

Tiffs alternative fits in the interim time frame.

o Conclusion

This alternative supports the projec~ purposes and fits in the interim time frame. Also, in
meetings held between DWR, USBR and several State and federal agencies, it was the consensus
opinion that this alternative should be retained for further evaluation, and it is included in the
second-stage evaluation.

Limited Channel Dredging, South Delta Flow Control Structures, and
Intake at Italian Slough

o Description

With this alternative (see Figure 4-25), the ~new intake would be constructed at Italian
Slough instead of at the northeastern corner of Clifton Court Forebay. The intake would provide
insufficient capacity to support the development of ISDP objectives. The limited hydraulic capacity
of Italian Slough would limit diversions to 2,300 cfs or 4,560 AF per day. With this intake, ISDP
operations would be limited to periods of very low SWP Delta imports.

Some limited channel dredging would be required to assure greater flow capacity, therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
average channel depth by around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing scour monitoring program would be expanded to protect against excessive scouting. A
seepage monitoring plan would be implemented to check for seepage resulting from dredging
exposing sand lenses near the channel.

o Benefits

This alternative would lower fish loss per unit of water by diverting from a natural channel,
thereby avoiding forebay predation losses. If exports are limited by other restrictions, then fftis
alternative could be useful. Channel~dredging would increase channel capacity and improve
conveyance, thus allowing more SWP operational flexibility.

o Project Purposes

This alternative would not support the second project purpose (to improve south Delta
hydraulic conditions to increase diversions into Clifton Court Forebay to maximize the frequency
of full pumping capacity at Banks-Pumping Plant). The flow control structures support the f’u’st
project purpose (to improve water levels and circulation in the southern Sacramento-San Joaquin
Delta channels for local agricultural diversions).
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o Timing

This alternative fits in the interim time frame.

o Conclusion

The maximum pumping capacity of this alternative is probably between 1,000 cfs and
3,000 cfs, which would not meet the second project purpose. However, in meetings held between
DWR, USBR and several State and federal agencies, it was the consensus opinion that this
alternative should be retained for further evaluation, and it is therefore included in the second-stage
screening and in the EIR/EIS.

Those projects retained for second-stage evaluation are listed in Table 4-4.
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Table 4-4

Alternatives Retained for Second-Stage Evaluation¯
South Delta Flow Control Structures

Northern Forebay Intake with Limited Channel Dredging

Northern Forebay Intake,. Limited Channel Dredging, and South Delta Flow Control
Structures

Channel Enlargement, South Delta Flow Control Structures, and Expanded Existing Intake

Channel Enlargement, South Delta Flow Control Structures, and Enlarged Forebay at:
-Byron Tract
-North Victoria Island
-South Victoria Island
-Coney Island
-Union Island

Reduction of CVP/SWP Exports and Management or Reduction of Demand for SWP Water

Head of Old River Barrier, Modification of CVP/SWP Exports, Consolidation of Agricultural
Diversions, Extension of Agricultural Diversions, Improvement of SWP Pumping Capability

Northern Forebay Intake, Limited Channel Dredging, South Delta.
Flow Control Structures, and Additional Clifton Court Forebay Intake
at Italian Slough

Limited Channel Dredging, South Delta Flow Control Structures,
and Intake at Italian Slough

!
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CHAPTER 5 - SECOND -STAGE EVALUATION

This chapter presents the second-stage evaluation of those alternatives that passed the first-
stage screening criteria (see Table 4-1). Second-stage evaluation is a further investigation of the
alternatives or combination of alternatives that appear practicable for meeting at least one of the
project purposes, as well as implementation time. In the second-stage evaluation, each alternative
is briefly reviewed for technical feasibility, as well as cost. Table 5-1 summarizes the information
from the second-stage evaluation. Alternatives carried forward to third-stage evaluation are
add~ssed in detail in the EIR/EIS.

Screening Criteria

As noted in Chapter 4, screening criteria provide a comprehensive way to determine
whether a project alternative is practicable and the least environmentally damaging. Important
factors, such as meeting the project purposes, technical constraints; environmental considerations,
cost, and timing are included in the screening process.

The specific screening criteria used in the second-stage evaluation are technical feasibility
and cost. These are presented in the following sections, along with supporting information used to
develop each criterion.        _

Technical Feasibility

An alternative, either individually or in combination with other possible alternatives, must not
have any significant geotechnical or engineering site problems, questionable or untested
technology, or unreliable availability of site or resources. Construction must be feasible, and
earthquake risk and safety risk must be considered.

Existing technology must be adequate to ensure that the basic project purposes can be
reasonably met. Reliance. on any questionable or untested technology could put the project at risk
and not allow the fulfillment of the project Meeting the improved-hydraulicsmay purposes.
components of the project purpose will be expensive with any alternative, and using unsound,
untested, or questionable technology presents a high risk of nonachievement of the purpose. In
some instances, technology may exist but may not be advanced enough to make a particular
alternative cost effective.

Cost

The proposed project is in response to the SDWA lawsuit and Governor Wilson’s Water
Policy. Whether or not to do the project is not entirely a financial decision. However, economic
considerations are important in deciding which alternatives, either individually or in combination
with other alternatives, are competitive with other alternatives that meet the criteria of project
purpose, timing and technical feasibility.

Where the cost and yield of an alternative can be reasonably estimated, the "break even
point," or number of years in which the project would pay for itself, will be determined for that
altemative, based.on a water value of $125/AF,

Cost estimates associated with the various ISDP alternatives discussed in the fast-stage
evaluation vary widely and do not include associated costs of delivering water to the customer.
When relevant to the screening process, unit costs and benefits to the various urban and agriculture
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I
Table 5-1

SECOND-STAGE EVALUATION OF ALTERNATIVES i

~CREENING CRITERIA

!
~Nio, t~ ~ COST

FEASIBLE ? CAPITAL ~REAK.EVEN

ALTERNATNES COST (mill~ou~,)* POINT (jests) itETAIN~D ? COMMENTS
I
!South Delta Row Control Struct ures

Yes $33 NA oth~ =It ~}
Northern Forebay Intake with Limited Ye= (¢ombitmd w/ IChannel Dredging Yes $2.3 NA ot~ =IL)
Not’them Foreday Intake, Limited
Chant~el Dredging, South Delta Row
Control Structures

Yes $56 6.8 Yes ldatlve]~’ low-ce~ mludon.

Chancel Enlargement, South Del~a flow
Co~rot Structures. and ExpandedExmting Int a~.e                                                                                                                                                                                   I

Yes $’72 8.7 Yes

Channel Enlargement. South Delta Flow
Cor~rol Structures. and Enlarged Forebay

- Byron

- North Victoria Island
Yes                ~               33.9              Ye~       L== tm~ on’SD wl~." leve~, l,md ,,vailab]�.          I

- South Victoria Island Yes $220 26.7 No More im~. on SD water level~.

- Coney Island Yes $125 15.2 No Too grnall ~dor~l g1~ra~e.

- Union Island Yes $’300 36.4 No Relatively cos~l~" ~olution. I

Roduct~on.0t CVP/SWP Expo~ts and
Managomer~ or Reduction of Demand .for
SWP Water I

Yes - NA Yes Re~,tlned

Head of Old River Barrier. Modilication ot I
CVP/SWP Expons. Consolidation of " IAgdcuitura] Diversions. Extension of
Agricultural Diversions. Improvement of
SWP Pumping Capabilities

Yes $’79 9.6 Yes Retained per a~encies
I

N~nhem Fot~:~ay Intake. Limited Channel
Dredging. Sooth Delta Flow Control
Structure% and Additional Clifton Court
Foi~bay Intake a~ Italian Slough IYe~ $59 7.2 Yes L~ed h~draulic capa,fit~ at Italian Slo~sh.

Sooth Delta Row ,Control Structures.
Lirr~ed Channel Dredging and ’lntak~ at IItalian Slough

Yes                 $40                NA              Yes       Ret~ned p~" age~ie~

" Not inc[udin~ land ©or~ ,                                         I
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users will be examined in detail for those alternatives referred to the third-stage screening. The
EIR/EIS for the ISDP describes the economic risk model developed to evaluate the economic
benefits of additional development of the SWP. The model operates by comparing the urban and
agriculture supply and demand, and simulating expected local response.

The Department’s ability to finance construction of these alternatives, along with the SWP.
con~xactors’ ability to repay the incurred financial obligation, is of concern. Financing would be
through the sale of water revenue bonds, backed by the contractors’ bond credit rating and
repayment ability. Revenues collected from the contractors would be used to pay the-principal and
interest on the bonds.

The level of revenue bond financing which the Department could obtain is based on the
investment community’s perception of the financial strength and operating integrity of the SWP.
To a great extent, the SWP’s financial strength is directly related to the contractors’ ability to repay
the operating and capital costs of SWP facilities constructed. The Department’s bond rating, which
is an indicator of SWP financial strength, is even more directly related to the credit rating of the
Metropolitan Water District of Southern California, the largest of the contractors. The amount of
revenue bond financing that could be raised is directly related to the contractors’ ability to repay the
operating and capital costs over the life of the bonds sold, usually about 35 years. The repayment
ability of the contractors is determined by consumer water rates, taxing authority, and commodity
prices-. The Department would collect revenues for the repayment of water supply-associated costs
from the 29 SWP contractors. With the implementation of some of the more expensive
alternatives, the current SWP conservation water charge would double (and this does not include
additional off-stream storage costs or delivery costs).

Alternatives

SOUTH DELTA WATER AGENCY ALTERNATIVES

South Delta Flow, ControlStructures

Introduction

The al.ternative of flow control structures at four locations in the south Delta (see Figure 4-
1) has the least environmental impact of alternatives that meet the project purpose of improving
water levels and circulation patterns. An indication of this is the fact that flow control structures
have been included in the settlement contract with SDWA, CVPIA, and historic mitigation actions.
The flow control structures could be combined with many other alternatives to meet both of the
proj~t purposes. These combined alternatives will be discussed later in this chapter.

One proposed plan, as described in the first-stage evaluation, would be several gated
channel flow control structures installed at strategic locations in south Delta channels. These would
take advantage of the natural tidal cycle of changing flow directions and water elevations to create
desired hydraulic conditions. The structure gates would be operated to open and close during
phases of the tide, using the natural forces to improve water levels and circulation.

Temporary low rock weirs have been installed at three specific locations during past
irrigation seasons. These installations, along with numerous hydrodynamic model runs, have
shown that the barrier concept does relieve problems caused by low water levels and poor
circulation. Monitoring of these temporary barriers has been ongoing and will continue to assess
operational performance and provide input to the development of the permanent flow control
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structures. Available information~will be provided to the long-term planning process to provide
guidance for a long-term Delta solution.

Conceptual Alternative Description

As presently proposed, the features of this alternative would include three agricultural flow
control structures and a flow controlstructure serving as a fish barrier at the head of Old River.
The agricultural flow control structures would consist of moderate-sized gated concrete structures
on Middle River, south of the confluence of Middle River, Trapper Slough and North Canal; and
on Old River east of the Delta-Mendota Canal intake; and, a large gated concrete structure across
Grant Line Canal and Fabian-Bell Canal just above the confluence with Old River. This latter
structure would either be a full barrier with a large boat lock, or a partial barrier with an open or
flashboarded section large enough (approximately 60 feet wide) to accommodate maintenance
barges. A typical structure would be about 15 feet high with radial gates, which could range from
20 to 60 feet wide.

The agricultural flow control structures would use the natural tidal hydraulics to provide.
higher water levels upstream during low tide periods, for improved agricultural pumping
conditions; and would use the outgoing tide during selected periods to more thoroughly flush out
the channels. If necessary, they would have electronic controls to control thega.tes in response to
upstream needs.

The flow control structure serving as a fish barrier is mandated by PL 102-575, where it
states that the USBR, in cooperation with the State and in consultation with local interests, shall
construct and operate a barrier at the head of Old River on a seasonal basis to increase the survival
of young outmigrating salmon in a manner that does not significantly impair the ability of local
entities to divert water. This structure would help improve water quality in the San Joaquin River,
as well as helping fish.

Technical Feasibility

No known technical or engineering constraints exist.

Cost

Channel flow control structures are relatively inexpensive and fairly easily constructed,
compared to other types of structures in the Delta. Costs can run between $3.6 andS14.4 million
each, depending on the size and type of structure and features such as boat portage facilities and
number of gates. The cost of the four barriers is estimated to be $33 million. In addition, there
would be annual maintenance and operation costs.

Conclusion

Since there areneither known technical nor relative cost problems with this alternative, it is
combined with other alternatives below.

!
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I
INTERIM SOUTH DELTA WATER MANAGEMENT ALTERNATIVES

I Introduction

This section presents several altematives that are combinations of various features which

i were evaluated separately. These alternatives satisfy one or both project purposes and the interim
water management goals specified in the Governor’s water policy.

Northern Forebay Intake with Limited Channel Dredging

Conceptual Alternative Description

With this alternative (see Figure 4-4), Clifton Court Forebay would retain its present area of
2,100 acres. A multigate (possibly 10 gates) intake structure would be built in the northeast corner
of Clifton Court near the confluence of Old River and Victoria and North. CanalS. This intake
structure would be operated to utilize high tide elevations for increased inflow to the forebay, with
flows of 12,000 cfs to 30,000 cfs for short periods. The existing intake structure would remain
operable for special needs. The pumping rate at Banks Pumping Plant would be allowed to go to
10,300 cfs when fish impacts would be low, but would be less during fish migration periods. The
limitations established by the Endangered Species Act will determine pumping rates to a great
extent.

Some limited channel dredging would be required to assure greater flow capacity,therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal: The dredging would increase the
average channel depth by ~around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing scour monitoring program would be expanded to protect against excessive scouring. A
seepage monitoring plan would be implemented to check for seepage resulting from dredging
exposing .sand lenses near the channel.

Technical Feasibility

No known technical or engineering constraints exist. In 1992, DWR sampled dredge
sediment in the vicinity of Old River and Middle River, adjacent to proposed flow control sites,
and around Victoria Island. Thirteen sediment samples, thirteen water quality samples, and eleven
soil samples from the backsides of levees were taken between October and December 1992. This
sampling program included two water and two sediment sample sites within the proposed dredging
area of ISDP. One set of sampleswere taken at the confluence of Old River and North Victoria
Canal and another set from just north of Highway 4. In September 1994, six additional sites were
sampled for sediment and four for water. The sample sites were located in Old River between
North Victoria Canal and Clifton Court Forebay. All samples were analyzed using EPA approved
tests for a variety of constituents including metals, tributyltin, PCBs and pesticides. As in most
environmental investigations, it is impossible to adequately extrapolate the results from a relatively
small investigation to the actual project. However, from the results of the investigation, it appears
likely that significant impacts due to contamination in the dredged material will not occur.

Cost

The cost of this alternative would be about $23 million. This cost does not includedredge
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disposal costs.

Conclusion

Since there are neither known technical nor relative cost problems with this alternative, it is
combined with other alternatives below.¯

Northern Forebay Intake, Limited Channel Dredging, and South Delta Flow
Control Structures

Conceptual Alternatives Description

With this alternative (see Figure 4-5), Clifton Court Forebay would retain its present area of
2,100 acres. A multigate (possibly 10 gates) intake structure would be built in the northeast corner
of Clifton Court near the confluence of Old River and Victoria and North Canals. This intake
structure would-be operated to utilize high tide elevations for increased inflow to the forebay, with
flows of 12,000 cfs to 30,000 cfs for short periods. The existing intake structure would remain
operable for special needs. The pumping rate at Banks Pumping Plant would be allowed to go to
10,300 cfs when high flows occur, but would be less during fish migration periods. The
limitations established by the Endangered Species Act will determine pumping rates to a great
extent.

Some limited channel dredging would be required to assure greater flow capacity, therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
average channel depth by around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing scour monitoring program would be expanded to protect against excessive scouring. A
seepage monitoring plan would be implemented to check for seepage resulting from dredging
exposing sand lenses near the channel.

Four channel flow control structures would be installed in south Delta channels to control
water levels, circulation and San Joaquin River flow. A separate federal regulatory permit would
probably be requested after f’mal approval of the SDWA settlement agreement.

Locations of the structure sites are: (1) Old River east of the Delta-Mendota Canal intake;
(2) Middle River south of the confluence with.Trapper Slough and North Canal; (3) Grant Line,
Canal east of the Forebay; and (4) Old River just west of its confluence with the San Joaquin River.

The control structure on Old River near the San Joaquin would be operated in the falland
spring to help salmon migrating in the San Joaquin River. During other times of the year, it word
not alter flows. The gates on the other three control structures would be operated during the
irrigation sea.son to fulfill their purpose, but would be raised the rest of the year to maintain channel
carrying capacity.

Technical Feasibility

No known technical problems exist. Channel sediment and levee soil samples have been
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
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program.

Cost

The combination of all these features in this alternative would cost about $56 million. This
could vary depending on what type of flow control structures are constructed, .what type of boat
passage facilities are needed, and technical problems encountered. This cost does not include
dredge disposal costs. It is presently estimated that the average yield from this alternative would be
66,000 AF/year. Assuming the value of the water is $125/AF, this alternative would break even
after 6.8 years.

Conclusion

Since there are neither technical nor relative cost problems with this alternative, it is carried
forward to third-stage evaluation, in the EIR/EIS.

Channel Enlargement, South DeltaFlow Control Structures, and
Expanded Existing Intake

Conceptual Alternative Description

As explained in Chapter 4 (see Figure 4-6), this alternative would includeall of the
proposed components of the ISDP, except that the existing Clifton Court Forebay intake would be
expanded to accommodate the additional flow, instead of constructing a new intake either at Italian
Slough or at the northeastern corner of Clifton Court Forebay. The maximum capacity of the.
expanded intake would be 30,000 cfs. The base width of the new channel-would have to be
increased from its present width of 300 feet to 560 feet, to maintain the average velocity below
three feet per second. The south-east levee along the existing approach channel would have to be
relocated approximately 260 feet inland. A 230 kV transmission line and a portion of the southern
forebay embankment would also have to be relocated. A building housing the controls for the
facility would be placed between the two gate structures. It is anticipated that enlargement of West
Canal would be required to maximize the full pumping capacky at Banks Pumping Plant’and avoid
scouring the channel.

The expanded intake would increase intake capacity to the ~forebay and reduce the impacts
to south Delta water levels caused by the gate operation by allowing more water to be taken at more
preferable high tide periods.                          ’

Technical Feasibility

No known technical problems exist. Channel sediment and levee soil samples have been
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program.

Cost

The capital cost for this alternative is estimated to be $72 million. The final cost would
depend on the type of flow control structures constructed, and the amount of channel enlargement
needed. It is presently estimated that the average yield from this alternative would be 66,000
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AF/year. Assuming the value of the water is $125/AF, this alternative would break even after 8.7
years.

Conclusion

Since there are neither technical nor relative cost problems with this alternative, it is carded
forward to third-stage evaluation, in the EIR/EIS.

Channel Enlargement, South Delta Flow Control Structures,and Enlarged
Forebay

Introduction

Several enlarged forebay alternatives with combined features are present~! here to cover all
possible combinations that have merit. Each alternative has the same general features: channel
flow control structures (four structures as described earlier); enlarged forebay area (three sites, as
discussed below); new intakes; and channel enlargement: Pumping rates would be increased
during periods of time when fish are not impacted, to help alleviate impacts on endangered species

. and take advantage of water, storage facilities.

Greater forebay intake capacity would permit a more flexible operation around the high tide
cycle, and when combined with the more northerly intake location where channels are larger,
would help to improve the low tide water levels in the southern channels. The larger forebay
capacity would give greater pumping flexibility and have less impact on local channels.

A necessary part of the larger intakes would be the need to improve local channel capacities
so that scour would not occur. Channel dredging and/or levee setbacks would be needed
downstream of the intakes.

Flow control structures would improve the low water levels and circulation in the south
Delta~ A flow control structure at Old River near the San Joaquin River could be operated during
salmon spawning season and during migration of smolt to prevent entrance to Old River from the
San Joaquin River.

The following evaluations are for the forebay expansion areas presented in Chapter 4.

Channel Enlargement, South Delta Flow Control Structures,and Enlarged
Forebay at Byron Tract

Conceptual Alternative Description

The forebay expansion feature of this alternative would be a portion of Byron Tract, west of
Clifton Court Forebay (see Figure .4-7), The present area being considered is about 3,100 acres.
Project levees similar to those at Clifton Court would be built around this proposed area. An
18,000 cfs siphon structure under Italian Slough would connect the two forebays. Both forebays
would be served by a new30,000 cfs gated intake structure located in the northeast corner of the
new forebay near Highway 4 (see Figure 4-5). This intake location is about 4.5 miles downstream
(north) of the existing Clifton Court intake. The existing Old River channel below the new intake
location would need to be enlarged to accommodate the proposed diversion rate. The amount of
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enlargement is based on a need to keep channel velocities below a maximum of about three feet per
second to minimize scour. It is estimated that possibly 2.5 miles of levee setback and new channel
would be needed between Highway 4 and Woodward Canal.

The flow control structures, which have been discussed earlier in this report (see Figure 4-
1), would be located on Middle River, Old River, Grant Line Canal, and at the head of Old River.
All of the structures would only be operated a portion of the year when needed, and all of the
structures except the one at the head of Old River would provide better water levels and circulation
in south Delta channels.

Technical Feasibility

No known technical (engineering) problems exist. Channel sediment and levee soil
have been taken in the and additional will be done.samples past, sampling Also, write-up

under "Northern Forebay Intake with Limited Channel Dredging," earlier in this chapter, for
sediment sampling program. To date, no testing has been on the lands that could be converted to
forebay.

Cost

The capital cost for this water management alternative is estimated to be approximately
$200 million. The final cost would depend on the type of flow control structures eonstructexl, and
the amount of channel enlargement needed. Land costs are not included in any of the forebay
enlargement alternatives, but the Byron owners are not willing sellers.

It is presently estimated that the average yield from this alternative would be 66,000
AF/year. Assuming the value of the water is $125/AF, and without land costs, this alternative
would break even after 24.2 years.

,Conclusion

Undoubtedly, it would be more expensive to include a forebay expansion in the iSDP.
.However, for more thorough evaluation, including environmental impacts, an alternative including
a forebay expansion is included in the third-stage evaluation in the EIR/EIS. Because other
expansions would have more northerly intakes leading to better quality for the SWP and less impact
on south Delta water levels, and because land would be difficult to obtain and very expensive for a
Byron Tract expansion, this alternative is not the forebay expansion alternative carried forward to
third-stage evaluation.

Channel Enlargement, South Delta Flow Contt~ol Structures,and Enlarged
Forebay at North Victoria Island

Conceptual Alternative Description

The forebay expansion feature of this alternative would, consist of enlarging Clifton Court
from about 2,100 surface to about 5,000 the northern of VictoriaForebay acres acresusing portion

Island, the southeast portion of Byron Tract, and the remainder of Clifton Court Tract (see Figure
4-8 Option A).

5-9

I
C--087263

C-087263



A siphon structure between Byron Tract and Victoria Island would be used to hydraulically
connect the two expanded forebay areas. The siphon would be capable of conveying flows of
15,300 cfs at a velocity of about 6 feet per second. A portion of the west channel embankment of
the intake channel to Banks Pumping Plant would be removed to connect the expanded forebay on
Byron Tract to Clifton Court Fo~rebay.

An option would be a transfer, or connection, channel to carry the water south to Clifton
Court Forebay (see Figure 4-8 Option B).. This canal would bisect the southern half of Victoria
Island and connect to the northeast corner of Clifton Court and would require a bridge on Highway
4 and a siphon under Old River at Clifton Court. It would have a carrying capacity of 18,000 cfs
and would be about two miles long.

Two new intake structures would be constructed on the north end of the expanded forebay
on Victoria Island. One intake structure would be located at the confluence of North Victoria Canal
and Middle River; the other at the confluence of North Victoria Canal and Old River. The intake at
Middle River would have a capacity of 30,000 cfs, and the facility at Old River would have a
.capacity of 15,000 cfs. Intakes could be operated singly, or in combinations of two or three. The
configuration of the Delta channels, however, would limit the total flow into the forebay to a
maximum of about 30,000 cfs, regardless of how many of the intakes were open.

To increase the channel capacity north of the new intakes, a 2.3-mile reach of Middle River
adjacent to Woodward Island would be enlarged by constructing a levee setback. After a new levee
is placed, the existing levee would be breached to connect the old and new channels.

. .The flow control structures, which have been discussed earlier in this report, would be
located on Middle River, Old River, Grant Line Canal, and at the head of Old River. All of the
structures would provide better water levels and circulation in south Delta channels, and would
only be operated a portion of the year when needed.

¯ Technical Feasibility

No known technical problems exist. Channel sediment and levee soil samples have been
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program. To date, no.testing.has been on the lands that could be converted to forebay..

Cost

The capital cost for this alternative is estimated to be about $280 million. The f’mal cost
would depend on the type of flow control structures constructed, and the amount of channel
enlargement needed. Land costs are not included in any of the forebay enlargement alternatives,
but would be relatively low for this alternative.

It is presently estimated, that the average yield from this alternative would be 66,000
AF/year~ Assuming the value of the water is $125/AF, and without land costs, this alternative
would break even aftdr 33.9 years.

Conclusion

Undoubtedly, it would be more expensive to include a forebay ~expansion in the ISDP.
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However, for more thorough evaluation, including environmental impacts, an alternative including
a forebay expansion is included in the third-stage evaluation in the EIR/EIS. Because this
expansion has the most northerly intakes, leading to better quality for the SWP and less impact on
south Delta water levels, and because land would be available, this alternative is the forebay
expansion alternative carried forward to third-stage evaluation.

Channel Enlargement, South Delta Flow Control Structures,and Enlarged
Forebay at South Victoria Island

Conceptual DescriptionAlternative

The forebay expansion feature of this altematiC,,e would consist of about 3,700 acres of the
southern half of Victoria Island, which is about 30 percent larger than the North Victoria alternative
(see Figure 4-9). It would be bounded on the north by Highway 4 and Would have two new
intakes at the northwest and northeast comers. These would have capacities of 15,000 cfs and ¯
30,000 cfs respectively. A siphon structure under Old River would connect.toClifton Court. To
accommodate the new intake capacities, dredging may be required on Old River, and possibly levee
setback with new channel would be required on Middle River for about two miles.

The flow control structures, which have been discussed earlier in this report, would be
located on Middle River, .Old River, Grant Line Canal, and at the head of Old River. All of the

structures would provide better water levels and circulation in south Delta channels, and would
only. be operated a portion of the ~year when needed.

Technical Feasibility

No known technical problems exist. Channel sediment and levee soil samples have been
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
oForebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program. To date, no testing has been on the lands that could be converted to forebay.

Cost

The capital cost for this,alternative is estimated to be about $220 million, not including land
costs. Final cost will depend on the type of flow control structures constructed, and on the amount
Of channel enlargement needed. Land costs are not included in any of the forebay enlargement
alternatives, but would be relatively high for this alternative.

It is presently estimated tfiat the average yield from this alternative would be 66,000
AF/year. Assuming the value of the water is $125/AF, and without land costs, this alternative
would break even after 26.7 years.

Conclusion

Undoubtedly, it would be more expensive to include a fo~ebay expansion in the ISDP.
However, for more thorough evaluation, including environmental impacts, an alternative including
a forebay expansion is included in the third-stage evaluation in the EIR/EIS. Because the North
Victoria expansion would have more northerly intakes leading to better quality for the SWP and
less impact on south Delta water levels, this more southern alternative is ~not the forebay expansion
alternative carried forward to third-stage evaluation.
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.,
Channel Enlargement, South Delta Flow Control Structures, ,and Enlarged
Forebay at Coney Island

’
Conceptual Alternative Description

As discussed in Chapter 4 (see Figure 4-10), the Coney Island forebay expansion would
only cover 900 acres, which is much smaller than desired~ It would connect with Clifton Court by
a siphon structure, and would not have an intake butwould receive water from Clifton Court. A
little over five miles of. embankment would be needed around the island. With no new intake
feature planned, it is doubtful that the additional area would have optimum utilization; also,
drawdown in the local channels below the flow structures would be increased because of the
additional volume of pumping during certain times of the year.

’ Pumping rates from Banks Pumping Plant would have the capability to pump 10,300 cfs
during high flow winter months. The larger forebay would give better operational flexibility to
store surplus flows.

Selective operation of the flow control structure gates would improve local water levels and
circulation. Also, there would be an improvement in recreation and fishery with the structure at the
head of Old River.

The flow control structures, which have been discussed earlier in this report, would be
located on Middle River, Old River, Grant Line Canal, and at the head of Old River. All of the
structures would provide better water levels and circulation in south Delta channels, and would
only be operated a portion of the year when needed.

Technical Feasibility

No known technical problems exist. Channel sediment and levee soil samples have been
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program. To date, no testing has been on the lands that could be converted to forebay~

Cost

The capital cost for this alternative is estimated to be about $125 million. The f’mal cost
would depend on the type of flow control structures constructed, and the amount of channel
enlargement needed. Land Costs are not included in any of the forebay enlargement alternatives.

It is presently estimated that the average yield from this alternative would be .66,000
AF/year. Assuming the value of the water is $125/AF, and without land costs, this alternative
would break even after 15.2 years..

Conclusion

Because of the small amount of additional storage, this alternative, by itself, ~s not carried
forward. It is combined with Union Island below.
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Channel Enlargement, South Delta Flow Control Structures,and Enlarged
Forebay at Union Island

Conceptual Alternative ~ Description

As discussed in Chapter 4 (see Figure 4-11), the Union Island forebay expansion would
include Coney Island (900 acres)and a 2,000-acre portion of northwestern Union Island. A new
northern intake structure would be constructed at the juncture of North Canal and Old River, or
¯ about 1.5 miles east of that location. A siphon structure would connect Union Island with Coney
Island, and also Coney Island with Clifton Court Forebay. Channel dredging and/or levee setback
would be required on Old River, Middle River, and possibly North Canal.        ~

Pumping rates from Banks Pumping. Plant would increase up to a maximum of 10,300 efs
during high flow winter months to help alleviate the water supply impacts from Endangered
Species Act limitations. Exports would be lowered during fish migration periods to reduce
impacts to the various fish species. As planned, the larger forehay would allow greater operational
freedom to store water at high tides and result in less impact at low tides to local channel water
levels. Greater intake capacity would permit more flexible operation around the high tide cycle, and
when combined with the northern location, would help improve water levels and circulation in the
south Delta channels.

There would be more flexibility inpumping operations and opportunity for later water
banking, if available, during high flow periods. There would be improved water quality in the
forebay and in south Delta channels, with potential for use of the old intake to release water to the
south Delta during critical low water periods. A connection to serve Contra Costa Water District
could also be constructed at a later time if desired. Selected operation of the flow control gate.s and
forebay intake gates would improve water levels and circulation in south Delta channels.. This
would improve recreation and fisheries, which would also be improved by the flow control
structure at the head of Old River..

The flow control structures, which have been discussed earlier in this report, would be
located on Middle River, Old River, Grant Line Canal, and at the head of Old River. All of the
structures would provide better water levels and circulation in south Delta channels, and would
only be operated a portion of the year when needed.

Technical Feasibility

technical problems exist, sediment and levee soil samples have beenNo known channel
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program. To date, no testing has been on the lands that could be converted to forebay.

Cost

The capital cost for this alternative is estimated to be about 3300 million. The final cost
would depend on the type of flow control structures constructed, and the amount of channel
enlargement needed. Land costs are not included in any of the forebay enlargement alternatives.

It is presently estimated that the average yield from this alternative would be 66,000J
AF/yeat. Assuming the value of the water is $125/AF, this alternative would break even after 36.4
years.

!
i
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Conclusion I

Because of the relatively high cost of this alternative, it is not carded forward.
I

AGENCY /PUBLIC INPUT ALTERNATIVES I
As stated in Chapter 4,five of the alternatives in the EIR/EIS were developed through

advanced review of the initial 404(b)(1) process. This review consisted of several interagency
meetings with NMFS, USFWS, EPA, USACE, USBR, DFG and DWR. The alternatives were
evaluated in Chapte.r 4 and are evaluated below, consistent with all Other 404(b)(1) alternativescreening.                                                                              I

Reduction of CVP/SWP Exports and Management or Reduction of Demand 1
for SWP Water

Conceptual Alternative Description []
The "Reduction of CVP/SWP Exports" component of this alternative is covered earlier in

this chapter under the category, "South Delta Water Agency Alternatives." The "Management or
Reduction of Demand for SWP Water" component is covered earlier in this chapter under the 1
category, "Level II Options."

Technical Feasibility
I

There is no technical feasibility problem with this alternative.

Cost I
There is no construction cost associated with this alternative.

Conclusion I

Although technical feasibility and cost are not pioblems, since in the first stage screening ¯
this alternative did not satisfy either project purpose, it would not normally be retained for further
evaluation. However, in meetings held between DWR, USBR and several State and federal
agencies, it was the consensus opinion that this alternative should be retained for further
evaluation,and it is therefore included in the EIR/EIS. ¯

Head of Old River Barrier, Modification of CVP/SWP Exports,                    []
Consolidation of Agricultural Diversions, Extension of Agricultural
Diversions, Improvement of SWP Pumping Capability

Conceptual Alternative Description I
(1) Head of Old River barrier (fall installation only)

This component would continue installation of a temporary rock barrier at the head of Old         ~
River only in the fall of each year.
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(2) Modification of CVP/SWP exports

This component would require operating under the CVP/SWP pumping limits per the
December 15 Accord, during the April 15 to May 15 period, when allowable projectexcept exports
would be reduced to no greater than 50% of Vemalis flow, or 1,100 cfs, whichever was greater
(see footnote 22 State Water Resources Control Board Water Quality Control Plan, May 1995),
Current plan states 100% of Vernalis flows, or 1,500 cfs, whichever is greater.

(3) Consolidation of agricultural diversions, extension of diversions with
dredging as needed

’Agricultural diversions would be consolidated in reaches of Old and Middle Rivers, and
Paradise Cut (Figure 4-22). Forty diversions would be consolidated to 10, wi~ fish screens
installed on the consolidated diversions. Approximately 250 acres of regulating reservoirs (Figure
4-23) would be required at the consolidated dive.rsions, because of variable demand and pump
rates, with the surface area of the largest reservoir being approximatily 90 acres. Channel dredging
would be necessary in Middle River and North Paradise Cut,. and pump platforms in these
channels would need to be removed and rebuilt with longer intake pipes.

(4) Extension of agricultural diversions~

Where consolidation is not feasible, the pump intakes at agricultural diversions would be
extended. Fifty three pump intakes would require extensions averaging three feet in depth.

(5) Improve SWP pumping capability

SWP pumping capability would be improved to 10,300 cfs by installing a new Clifton
Forebay northerly intake structure and dredging.Court

Technical Feasibility

This~ alternative is assumed to be technically feasible. However, feasibility and
jurisdictional issues include the following:

(1) negotiations with landowners would be required for implementation;
(2) there would be water rights issues to be resolved;
(3) appropriate screen technology would have to be available;
(4) the Williamson Act restricts use of designated lands to agriculture and rela~l uses
during a 10-year period. Much of the regulating reservoir land is protected by the
Williamson Act. Consultation Would be needed to determine if reseervoirs violate this act;
(5) seepage from the regulating reservoirs could cause problems for farmers by raising the
ground water table into crop root z~nes and damaging the crops;
(6) reservoirs would need to be trader the jurisdiction of the State Division of Safety of
Dams;
(7) reserevoirs may be subject ot land subsidence, common in the Delta;
(8) Operation and maintenance of new facilities would need to be negotiatied between the
State and agricultural business owners; and
(9) power costs for pumping will likely increase due to the consolidation of diversions.

Cost

The estimated (1) annual cost of installing and removing the head of Old River barrier (fall
installation only) is $0.5 million. The present worth cost (based on 50 years of installation and
removal and an interest rate of 6%) is $8 million. There is no construction cost associated with (2)
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modification of exports. The estimated cost of (3) the consolidation and extension of agricultural ¯
diversions is $34 million, related dredging $13 million, and (4) extension of agricultural diversions
including rebuilding platforms $2 million. The estimated cost of (5) a new intake structure and []
related dredging is $22 million. Altogether, the estimated cost of this alternative is $79 million.

It is presently estimated that the average yield from this alternative would be 66,000
AF/year. Assuming the value of the water is $125/AF, this alternative would break even after 9.6
years.

Conclusion

Since, in the first-stage screening, it did not satisfy the second project purpose, this
alternative would not normally be retained for further evaluation. However, in meetings held ¯
between DWR, USBR and several State and federal agencies, it was the consensus opinion that
this alternative should be retained for further evaluation, and it is therefore included in the EIR/EIS.

Northern Forebay Intake, Limited Channel Dredging, South Delta Flow
Control Structures, and Additional Clifton Court Forebay Intake at Italian
Slough l

Conceptual Alternative Description,

As detailed in Chapter 4 (see Figure 4-23), the Italian Slough intake structure would be
operated during periods of very low SWP exports, when Clifton Court Forebay was not in use.
The intake facility would include a four-bay flashboard structure which would allow water from m
Italian Slough to be diverted into the intake channel of the California Aqueduct. The 630-foot ¯
opening that connects the forebay to the intake channel would be blocked with a rock dam. This
breach would be filled either using a barge that would be located in Italian Slough or using macks.
The time required to place or remove the rock dam would be from 4 to 6 weeks. Once the 1
temporary rock dam was in place, the flashboards would be removed from the intake structure.[]
The intake would remain open and water would be .pumped as allowed by tide levels.

Because of the limited hydraulic capacity of Italian Slough, Delta diversions Would be !physically limited to approximately 2,300 cfs or 4,560 acre-feet per day. When the tides prevented
pumping, the structure would remain open. When higher export pumping rates were needed, the
flashboards would be reinserted and the rock dam would be removed, allowing access to the ¯
forebay.

This alternative would lower fish loss per unit of water by diverting from a natural channel,̄
thereby avoiding forebay predation losses. If exports are limited by other restrictions, then this
alternative could be useful.

Technical Feasibility                                                               I

No known technical problems exist. Channel sediment and levee soil samples have beenl
taken in the past, and additional sampling will be done. Also, see write-up under "Northern
Forebay Intake with Limited Channel Dredging," earlier in this chapter, for sediment sampling
program. To date, no testing has been on the lands that could be converted to forebay. I
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Cost

The capital cost for this alternative is estimated to be $59 million, including $3.3 million for
the Italian Slough intake. The final cost would depend on the type of flow control structures
constructed, and the amount of channel enlargement needed.

It is presently estimated that the average yield from this alternative would be 66,000
AF/year. Assuming the value of the water is $125/AF, this alternative would break even after 7.2
years.

Conclusion

Since there are neither technical nor relative cost problems with this alternative, it is carried
forward to third-stage evaluation, in the EIR/EIS.

Limited Channel Dredging, South Delta Flow Control Structures, and Intake
at Italian Slough

Concep.tual Alternative Description

¯ With this altemative (see Figure 4-24), the new intake would be constructed at Italian
Slough instead of at the northeastern comer of Clifton Court Forebay. The intake would provide
insufficient capacity to support the development of ISDP objectives. The limited hydraulic capacity
of Italian Slough would limit diversions to 2,300 cfs or 4,560 AF per day. With this intake, ISDP
operations would be limited to periods of very low SWP Delta imports.

Some limited channel dredging would be required to assure greater flow capacity, therefore
lower velocity of the water, so that channel scouring would not occur. This dredging would be in
reaches of Old River north of the Forebay to Woodward Canal. The dredging would increase the
average channel depth by around five feet and would not be done in sections that affect the stability
of channel islands or levees. The dredging would only be done in areas of potential scour. An
existing, scour monitoring program would be expanded to protect against excessive scouting. A
seepage monitoring plan would be implemented to check for seepage resulting from dredg’.mg.
exposing sand lenses near the channel.

This alternative would lower fish loss per unit of water by diverting from a natural channel,
avoiding forebay predation losses. If axe limited by other restrictions, then thisthereby exports

alternative could be useful. Channel dredging would increase ehaunel capacity and improve
conveyance, thus alloWing more SWP operational flexibility.

Technical Feasibility

No known technical prolems exist.

Cost

The capital cost for this alternative is estimated to be $40 million; including $3.3
million for the Italian Slough intake. The f’mal cost would depend on.the type of flow control
structures constructed, and the amount of channel enlargement needed.
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Conclusion

In the first-stage screening, itwas shown that this alternative would not meet the second
project purpose. However, in meetings held between DWR, USBR and several State and federal
agencies, it was.the consensus opinion that this alternative should be retained for further evaluation,
and it is therefore included in the EIR/EIS.

Summary

Table 5-2 lists the alternatives that are carried forward to third-stage evaluation. Two
alternatives discussed in the preceding section ("South Delta Flow Control Structures," and
"Northern Forebay Intake with Limited Channel Dredging") were combined to form the first
alternative listed in Table 5-2 ("Northern Forebay Intake, Limited C. hannel Dredging, and South
¯ Delta Flow Control Struc’tures"). The second alternative listed in Table 5-2 includes as expanded
existing intake instead of a northern forebay intake. The third alternative is based on forebay
enlargement, which also includes the flow control structures feature in order to meet both project
purposes. The other alternatives are the agency/public input alternatives, where in meetings held

¯ between DWR, USBR and several State and federal agencies, it was the consensus opinion that
these alternatives should be retained for further evaluation.

As stated earlier, operational flexibility would be incorporated in all of the final alternatives
carried forward.

These alternatives meet the CEQA and NEPA requirements for evaluating a reasonable
range of alternatives. They will be discussed in more detail in the EIR/EIS. Selection of the least
environmentally damaging practicable alternative will then be made according to Section 230.10 of
the regulations implementing the Clean Water Act, Section 404(b)(1):

"An alternative is practicable if it is available and capable of being done after taking ~into
consideration cost, existing technology, and logistics in light of overall project purposes."

The alternatives passed on to third-stage evaluation are all water-dependent, i.e., they must be1
located within special aquatic sites to fulfill the basic project purposes. Therefore, it is not
necessary to demonstrate that a practicable alternative that does not involve the special aquatic sites
exists. See the "Section 404 (b) (1) Guidelines" section of Chapter 1. i
Regarding Third-Stage Evaluation

1

Third-stage evaluation of the remaining alternatives and the alternatives requested by other
agencies takes place in the ISDP EIR/EIS document. As quoted in Chapter 1, the Section 404 (b)
¯ (1) Guidelines state in Subpart B:

"No discharge of dredgedor fill material shall be permitted if there is a
practicable alternative to the proposed discharge which would have less adverse
impact on the aquati~ ecosystem, so long as the alternative does not have other
significant adverse environmental consequences."

The above criteria are the principle focus of the third-stage evaluation. The least adverse[]
impact to the aquatic ecosystem will be determined using the ESA Biological Opinion which will
determine if the project will jeopardize the environment. NMFS and USFWS must provide
reasonable and prudent alternatives to the action that avoids jeopardy.

1
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Table 5-2

Alternatives Retained for Third-Stage Evaluation

N̄orthern Forebay Intake, Limited Channel Dredging, and South Delta Flow Control Structures

Channel Enlargement, South Delta Flow Control Structures, and Expanded Existing Intake

Channel Enlargement, South Delta Flow Control Structures, and Enlarged Forebay Expansion at
North Victoria Island

Reduction of CVP/SWP Exports and Management or Reduction of Demand for SWP Water

Head of Old River Barrier, Modification of CVP/SWP Exports, Consolidation of Agricultural
Diversions, Extension of Agricultural Diversions, Improvement of SWP Pumping Capability

Northern Forebay Intake, Limited Channel Dredging, South Delta Flow Control Structures, and
Additional Clifton Court Forebay Intake at Italian Slough

Limited Channel Dredging, South Delta Flow Control Structures, and Intake at Italian Slough

I
!
I
!
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APPENDIX A--STATE WATER PROJECT

Voters authorized construction of the State Water Project (SWP) in 1960 by ratifying the
Bums-Porter Act. At that time, the plans recognized that there would be a gradual increase in water
demand and that some of the supply facilities could be deferred until later. The SWP’s major
components include the multipurpose Oroville Dam and Reservoir on the Feather River, the
Edmund G. Brown California Aqueduct, South Bay Aqueduct, North Bay Aqueduct, and a
portion of San Luis Reservoir. Delta water transfer facilities were part of the original plan, and
additional Sacramento and North Coast basin supply reservoirs were envisioned. Contracts were
signed for an eventual delixiery of 4.23 MAF. Of this amount, about 2.50 MAF of water is
destined for south of the Tehachapis, nearly 1.36 MAF to the San Joaquin Valley, and the
remaining 0.37 MAF to the San Francisco Bay and Central Coast regions and the Feather River
area. Service areas of the present 29 contracting agencies are shown in Figure A-1. Generally,
use of SWP supply in the San Joaquin Valley has been near full contract mounts since 1980
(except during very wet years and deficient-supply years), whereas Southern California use has
built to about 60 of full entitlement.up percent

The initial features of the SWP begin with three small reservoirs in the upper Feather River
basin in Plumas County: Lake Davis, and Frenchman and Antelope Lakes. Farther downstream in
the foothills of the Sierra Nevada is the 3.5-MAF Lake Oroville, the second largest reservoir in
California, where winter and spring flows of the Feather River are stored (see Figure A-2). The
444-mile California Aqueduct is the state’s largest and longest water conveyance system,
beginning in the southwest Delta at Banks Pumping Plant and extending to Lake Perris south of
Riverside, in Southem California.

Delta water is taken into Clifton Court Forebay via intake gates which are operated in
coordination with the tide and to avoid any contribution to low water levels in the south Delta
during the irrigation season. Generally, the gates are open during periods of high tide and closed
during low tides. Water which has flowed into the forebay is then pumped by Banks Pumping
Plant into the aqueduct. This water continues to be pumped southward and westward, with
amounts exceeding immediate needs temporarily stored in the 2.0-MAF San Luis Reservoir (which
is shared with the CVP). At the southern end of the San Joaquin Valley, pumps at Edmonston

Plant lift water 1,926 feet, flows through the Mountains tunnelsPumping sending Tehachapi by
and into Southern California. Slightly over 1.5 MAF was pumped at Edmonston Pumping Plant in
1990.

The estimated seven-year average dry-period yield of the SWP with its cm’rent facilities
operating to the requirements of Water Right Decision 1485 is about 2.4 MAF per year.
Entitlement demand of SWP contractors for the year 2010 is an estimated 4.1 MAF. To augment
project supply, additions to the SWP are proposed and include: Delta facilities; interim south Delta
facilities; groundwater recharge facilities; additional-offstream storage facilities; and possible
conjunctive use of surface storage and ground water in the Sacramento and San Joaquin valleys;
and short- and long-term water purchases.

In the short-term, SWP contractors relying on the Delta for all or a portion of their supplies
face great uncertainty in terms of water supply reliability due to the uncertain outcome of a number
of actions currently being undertaken to protect aquatic species in tahe Delta. Until solutions to
complex Delta problems are identified and put into place., many will experience more frequent and
severe water supply shortages (see Tables 4-2 and 4-3 in Chapter 4).
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Figure A-1. State Water Project Service Areas
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Figure, A-2. Major State Water Project Facilities
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APPENDIX B--Central Valley Project

The U.S. Bureau of Reclamation’s Central Valley Project is the largest water storage and
delivery system in California, covering 29 of the State’s 58 counties. ~The project’s features include
18 federal reservoirs, plus 4 additional reservoirs jointly owned with the State Water Project
(primarily San Luis Reservoir). The keystone of the CVP is the 4.6-MAF Lake Shasta, the largest
reservoir in California. The reservoirs in this system provide a total storage capacity of slightly
over 12 MAF, nearly 30 percent of the total surface storage inCalifornia, and deliver about 7.3
MAF annually to agricultural, urban, and wildlife uses.

The federal government began consmaction of the CVP in the 1930s, as authorized under
the Rivers and Harbors Act of 1937. CVP purposes expanded to include river regulation, flood
control, and navigation; later reauthorization included recreation and fish and wildlife purposes.
Initial authorization covered facilities such as Shasta and Friant Dams, Traey Pumping Plant, and
the Contra Costa, Delta-Mendota, and Ffiant-Kern Canals. Later authorizations continued to add
additional facilities such as Folsom Dam (authorized in 1949), San Luis Unit (authorized in 1960),
and New Melones Dam (authorized in 1962).                   ’

.The CVP supplies water to over 250 long-term water contractors in the service areas shown
in Figure B- 1, whose contracts total 9.3 MAF including 1.4 MAF of Friant Division Class 2
supply available in wet years. Of the 9.3 MAF, 6.2 MAF is project water and 3.1 MAF is water
right settlement water. Average-year deliveries in the past decade have been around 7 MAF. Water
right settlement water is water covered in agreements with water fights holders whose diversions
were in existence before the project was constructed. Since construction of project reservoirs
altered the rivers’ natural flow upon which these diverters had relied, contracts were negotiated to
serve the users stored water to supplement river flows available under their rights. CVP water right
settlement contractors (called prior right holders) on the upper Sacramento River receive their
supply from natural flow and storage regulated at Shasta Dam; settlement contractors on the San
Joaquin River (called exchange contractors) receive Delta water via the Delta-Mendota Canal as
explained below.

¯ Water stored in CVP northern reservoirs is gradually released down the Sacramento River
into the Sacramento-San Joaquin Delta, where it helps meet demand along the fiver and quality and
flow requirements in the Delta (see Figure B-2). The remainder is exported via the Contra Costa
Canal and the Delta-Mendota Canal. Excess water during the winter is conveyed to off-stream San
Luis Reservoir on the west side of the valley for subsequent delivery to the San Luis and San
Felipe units, A portion of the Delta-Mendota exports, are placed back into the San Joaquin River at
Mendota Pool to serve, by exchange, water users who have long-standing historical rights, to use
of San Joaquin River flow. This exchange enabled the CVP to build Friant Dam, northeast of
Fresno, and divert a major portion of the flow farther south in the Friant-Kern Canal (and some
.water northward in the Madera Canal). The Coming and Tehama-Colusa Canals serve an area on
the west side of the Sacramento Valley. Other water supplies are furnished to dislriets and water
fights holders in the Sacramento Valley. American River water stored in Folsom Reservoir is used
mainly for stream flow and Delta requirements, inc’uding C.VP exports. More recently, the San
Felipe Unit was added to serve coastal counties west of San Luis Reservoir. New Melones
Reservoir serves an area on the eastern side of the San Joaquin Valley. The CVP is required to
release water from New Melones Reservoir as a temporary solution to the lawsuit f’fled by SDWA
against the USBR and DWR: The releases are to maintain adequate San Joaquin River flows and
water quality as measured at Vernalis.
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Figure B-1. Central Valley Project Service Areas
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I
Figure B-2. Major Central Valley Project Facilities
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Operations in the Delta are coordinated with the SWP to meet water quality and other
standards set by the State Water Resources Control Board, and more recently by federal fisheries
agencies. CVP contractors relying on the Delta for their supplies also face more frequent and
severe-water supply shortages until solutions to Delta problems are put into place.
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I
APPENDIX C--SDWA LAWSUIT/SETTLEMENT

i South Delta Agricultural Diversion

Water for lands within the South Delta Water. Agency boundary is supplied almost
exclusively from the Delta channels. Water conditions in the area are influenced in varying degrees
by:

* natural tidal fluctuation,

¯ San Joaquin River flow and quality,

¯
~i

* local agricultural drainage water,

¯ CVP, SWP and local diversions, and

I ¯ channel capacity.

The~se factors affect water levels and water availability at some local diversion points.
Local agricultural drainage water, aggravated by poor circulation, has affected channel water
quality, particularly in sh ,allow, stagnant, or dead-end channels. Channels that are too shallow
and narrow also restrict flow and the volume of water available for SWP and CVP pumping.

I SDWA is a public agency formed for the purposes of entering into contracts with the
United States and the State of California to protect the water supply of lands within the agency
from salinity intrusion and to assure a dependable supply of water to meet the needs of lands

¯ ¯ within the SDWA. In July 1982, SDWA fried a lawsuit over the effects of SWP and CVP
operations on the south Delta. The suit sought a declaration of the rights of the parties, a ¯
preliminary injunction, and a permanent injunction requiring that the projects be operated to protec, t

i the south Delta. The complaint by SDWA alleged that:

¯ CVP operations on the San Joaquin River, primarily at Fdant Dam, unlawfully reduce the
quantity and degrade the quality of water flowing in the San Joaquin River to the south

i ! Delta,

i~ ¯ operations of SWP and CVP pumps violate SDWA rights by lowering water levels,

I
reversing flows, and diminishing the influence of the tides, and

¯ the Secretary of the Interior’s designation of the Stanislaus River basin for allocation of
water from New Melones Reservoir violates SDWA rights by not including the south Delta
in the basin.

Direct involvement of DWR in the suit is due to the effect of the SWP pumps in the southI Delta. issues involve only the USBR.Theother

Through 1985, actions to improve water conditions in the south Delta we~ taken in response
I to specific incidents of low water levels. Beginning in late 1985 with a letter of intent to develop a

permanent solution, several agreements have been finalized, a draft contract developed, and the
Temporary Barriers Project implemented to obtain this objective. These activities and documents

i are discussed in the following text and are listed in Table C- 1, a chronology of events associated
with activities in the south Delta.

I C-!
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Oc.tober 1973 SDWA oreated by act of Legislature

July 9, 1982 SDWA filed suit against U.S. Department of Interior (USBR) and the State (DWR).

March 1985 DWR modified Clifton Court Forebay gate operation to help relieve the impacts of SWP
diversions on waterlevels. Modified gate operation continues currently to lessen the impact upon
south Delta water levels.

July 1985 SDWA claimed farmers were losing crops due to hot weather and instflTieient water supply. DWR
took emergency action to alleviate the problem in Tom Paine Slough.

September 1985 DWR and SDWA signed a letter of iment on actions to improve water levels in the south Delta.

November 1985 Workplan issued for an interim program for the mitigation of south Delta water level problems.

December 1985 Permit applications filed with the Corps of Engineers.,

April 3, 1986 Corps issued Permit No. 9201 to dredge Tom Paine Slough.

April 17, 1986 DFG Streambe~l Alteration Agreement for Tom Paine Slough dredging.

May 6, 1986 .Corps issued Permit No. 9204 to install siphons in Tom Paine Slough.

May 7, 1986 Notice of Determination filed for Tom Paine Slough dredging and siphons.

June 1986 DWR-SDWA Joint Powers Agreement regarding mitigation for the south Delta signed and
approved.

June 1986 Joint Powers Agreement for Tom Paine Slough between DWR, SDWA, and Pescadero
Reclamation District signed and approved.

August 18, 1986 Pescadero Reclamation District signed construction contract to dredge Tom Paine Slough.

October 1986 Framework agreement (South Delta Agreement) for settling SDWA litigation signed by USBR,
DWR, and SDWA.

October 28, 1986 Dredging of Tom Paine Slough completed (100,000 cubic yards).

November 4, 1986 Corps issued Permit No. 9205 to construct Middle River weir.

January 1987 South Delta agricultural water supply project 3-agency workplan published.

February 6, 1987 DFG Strearnbed Alteration Agreement for new Middle River Weir.

February 9, 1987 Filed Notice of Determination for the barrier on Middle River.

May 15, 1987 Weir completed on Middle River.

September 1987 Temporary barrier at’Head of Old River installed.

September 30, 1987Center portion of Middle River weir removed in accordance with DFG Stream Alternation
Agreement.

November 1987 Temporary barrier at Head of Old River removed.

(Continued)
i
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Table C- 1 (cont.)

May 1988 Temporary barrier at Middle River installed.

September 1988 Temporary barrier at Middle River removed.

September 1988 Temporary barrier at Head of Old Riverr installed.

November 1988 Temporary barrier at Head of Old River removed.

August 1, 1989 Construction of Tom Paine Slough siphons completed.

April 1990 Teml~rary barrier at Middle River installed.

September 1990 Temporary barrier at Middle River removed.

September 1990 Temporary barrier at Head of Old River installed.

October 1990 Framework for Article VII of the Fish between DWRagreement MitigationAgreementwassigned
USBR and DFG.

November 1990 Temporary barrier at Head of Old River removed.

April 1991 Temporary barrier at Middle River installed.

1991 barrier in Old River near DMC installed..August Temporary

September 1991 Temporary barrier at Head of Old River installed.

September 1991 Temporary barrier at Middle River removed.

September 1991 Draft South Delta Contract was finalized bY D,WR, USBR, and SDWA. Local voters approved
agreement.

October 1991 Temporary barrier in Old River near DMC installed.

October 1991 SWRCB report on Delta Water Quality (SCR 55) was released. ¯

November 1991 Agreement to use Twitchell and Sherman Islands as mitigation for forebay expansion was signed
by DWR and DFG

November 1991 Temporary barrier at Head of Old River removed.

April 1992 Temporary barriers installed, two on Old River and one on Middle River.

April 6, 1992 Governor’s Water Policy was armounead in April 1992 and proposed appointment of an Oversight
Task Force, called for establishing interim l~lta water quality standards, and listed South Delta
facilities as an immediate interim action.

June 1992 Temporm7 barrier at Head of Old River removed.

September 1992 Temporary barrier in Old River near DMC and Middle River barrier removed.

September 1992 Temporary barrier at Head of Old River installed.

october 30, 1992 CVP Improvement Act, Title 34 of HR 429 (PL 102-575).

December 1992 TemPorary barrier at Head of Old River removed.

(Continued)
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Table C-1 (cont.)

December 9,’ 1992 Governor signed Executive Order creating a 22.member Bay-Delta Oversight Council (BDOC) to
assist and advise the new Water Policy Council.

December 10, 1992 Draft of Water Right Decision 1630 (interim Delta water quality standards) available for public
review.

December 1992 Draft of Temporary barriers monitoring report completed.

February 12, 1993 Winter-Run Salmon Biological Opinion for the Operation of CVP/SWP.

March 5, 1993 Delta Smelt listed as Federal Threatened Species.

March 1993 Temporary barriers project monitoring.report finalized.

April 1, 1993 Governor announced that requirements established by the Endangered Species Acts, coupled with
existing water quality standards (’D1485), will give interim protection to Delta. He redirected State
efforts to establishing long-term Delta standards.

June 1993 Temporary barriers installed at Middle River and Old River.

September 1993 Temporary barriers removed from Middle River and Old River.

November 1993 Temporary barrier at Head of Old Riverr installed.

December 1993 Temporary barrie~ at Head of Old River removed.

April 1994 Temporary barriers installed at Middle River and Old River.
Fish Barrier installed at the head of Old River.

May 1994 Fish Barrier at the head of Old River removed.

September 1994 Temporary barriers removed from’ Middle River and Old River.

September 1994 Temporary barrier at Head of Old River installed.

November 1994 Temporary barrier at Head of Old River removed.

December 1994 State/federal Bay/Delta AcCord.

C--087284
C-087284



Early Actions (1976-1985)

The installation of a rock barrier in Old River near Delta Mendota Canal during.the 1976-77
drought was the first action taken to improve water conditions in the south Delta. Later, in May
1984, SDWA complained of low water levels in Tom Paine Slough and DWR responded by
installing three stage recorders on the slough: one below the tidal control structure, one above the
structure, and another near the southern end of the slough.

In March 1985, SDWA again complained about low water making it difficult to get sufficient
water into Tom Paine Slough to meet irrigation needs. DWR made "soundings" along the slough,
to determine channel boUom contours, and found high sections in the channel bottom both above
and below the tidal control structure. DWR also found the gates functioning improperly, and
subsequently fbted the gates and removed a small amount of sediment from around the control
structure. However, in July 1985, SDWA claimed that water levels in both Tom Paine Slough and
southern Middle River were so low that adequate irrigation was impossible and crops were being
lost. Emergency efforts concentrated on Tom Paine Slough whemthree portable pumps were
installed to the water supply. Also, Clifton Court Forebay operation was modified toaugment gate
improve water levels in channels.

In September 1985, DWR signed a letter of intent with SDWA which describes the
responsibilities of these, agencies to develop a permanent solution for the water level and water
circu!ation concerns in the south Delta channels affecting SDWA.

Joint Powers Agreement

In June 1986, DWR signed a joint powers agreement with SDWA regarding interim mitigation
in SDWA channels. This agreement provided for dredging Tom Paine Slough (completed in
October 1986), constructing a seasonal rock weir in Middle River (completed in May 1987) (see
Figure C-l), constructing siphons in Tom Paine Slough (completed in June 1989)(see Figure C-
2), and developing an intake gate operation criteria for Clifton Court Forebay which eliminates
diversions during the low-low tide. All appropriate permits and ceitifications required under
current regulatory and legislative acts were acquired.

SDWA Framework Agreement

In October 1986, DWR, USBR and SDWA entered into an agreement to provide a framework
to settle SDWA’s lawsuit. All three parties agreed to work together to develop mutually
acceptable, permanent solutions to the water supply concerns of water users within SDWA. To
facilitate negotiations, the parties agreed to a stay of all actions in the litigation. USBR agreed to
provide releases of water from New Melones Reservoir for an interim period during the negotiation
process.

Draft South Delta Contract

DWR, USBR and SDWA have developed a draft contract that settles the 1982 lawsuit by
SDWA against DWR and USBR. SDWA held an election on September 17, 1991 to vote on the.
contract. The contract was approved by 97 percent of the voters in SDWA service area. The
USBR requires Congressional authorization to sign and is seeking this authorization under the
Central Valley Project Improvement Act (PL 102-575). DWR is also pursuing authority to sign.
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The draft contract includes provisions to test and construct barrier facilities in certain south
Delta channels to provide SDWA with an adequate agricultural water supply in terms of quantity,
quality, and channel water levels to meet the reasonable and beneficial needs of those water users
located along those portions of Old River, Middle River, and Grant Line Canal that lie within
SDWA boundaries. It also provides for interim releases by USBR from New Melones to resolve
the portion of the litigation relating to San Joaquin River flows and provides the framework for
USBR and SDWA to negotiate an amendment to the contract to provide a permanent resolution of
those issues.

Temporary Barriers Project

To begin implementing the Draft South Delta Contract, DWR is proceeding with the
planning and construction of temporary rock barriers in the SDWA channels at locations specified
by the draft conlract (see Figure C-3). DWR released an Initial Study/Negative Declaration for the
Temporary Barriers Project, and f’tled a Notice of Determination for one barrier on Old River.
DWR installed the temporary barrier in Old River near Tracy, east of Delta Mendota Canal, in late
August 1991 (see Table C-2). DWR had installed a temporary barrier in Middle River each year
from May 15, 1987 through 1990. In 1991, it was installed and incorporated into the Temporary
Barriers Project.

In March !992, the Corps issued a permit to install two temporary barriers on Old River,
the agricultural barrier near Delta Mendota Canal and the fish barrier at the head of Old River (See
Figures C-4 and C-5). The fish barrier improves conditions for spawning salmon and
outmigrating smolts by partially closing off Old River during the spring salmon migration season.
These barriers and the Middle River barrier were installed in April 1992. The f’Lsh barrier was
removed in June 1992 and reinstalled for the period September-December.

In 1993, DWR applied for a three-year permit that would allow up to four barriers---one in
Middle Rive.r, two in Old River, and one in Grant Line Canal to be constructed every year. The
agricultural barriers in Old River and Middle River were installed in 1993 and 1994. The fish
barrier the head of Old River installed in th~ .of 1994 but installed in theat springWas wasnot
spring of 1993 because of the possibility of high San Joaquin River flows and concerns about
Delta smelt. DWR is pursuing approval to install the Grant Line Canal Barrier in 1996.

In addition to the installing the fish barrier at the head of Old River in the spring, DWR has
been installing the fish barrier at the head of Old River in the fall on a regular basis in accordance
with a 1969 MOU with California Department ofFish and Game, U. S. Bureau of Reclamation,
and U. S. Fish and Wildlife Service in order to address dissolved oxygen and fishery problems in
the lower San Joaquin River.

The Temporary Barriers Project is being regularly monitored to document and analyze any
.adverse effects on fish such as chinook salmon, striped bass, Delta smelt, white catfish, American
shad; Sacramento splittail, longfin smelt, and green sturgeon. Vegetation monitoring is being
conducted for sensitive plants, and riparian and emergent vegetation to determine whether the
project w~ll have adverseeffects on vegetation. This monitoring will also help verify computer ¯
modeling studies. A summary of this monitoring program is listed below:
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Figure C-3
emporary Barrier Locatio

LOWER ROBERTS
ISLAND

LOWER JONES
TRACT

" ORWOOD UPPER JONES
TRACT TRACT

MIDDLE ROBERTS

Lec end
VICTORIA
ISLAND

BYRON
TRACTTemporary

Rock Middle River near

Barrier, Victoria Canal ,~_~ I Old River near|SLANO I
~San Joaquin RiverGrant Line Canal ROBERTS

ISLAND

G~tL~

STEWART
TRACT

BANKS
PUMPING TRACY

PLANT PUMPING
PLANT

Old River near Tracy 1
I0       2      4

SCALE IN MILES .......



Table C-2
Dates of Installations and Removals of Temporary Barriers

Middle River Old River near Tracy (DMC) Old River @ Head

Year Installation Removal              Installation Removal Installation Removal
Started 3ompletec Started Completed Started Completed Started Completed Started Completed Started Completed

1987 May-15 Sep-30 Sep-30 Sep-11 Nov-28

1988 May-26 May-28 Sep-23 Sep-23 Sep-21 Sep-28 Dec-02

1 989 Apr-12 Sep-26 Sep-26 Sep-27 Sep-29 Nov-27 Nov-30

1 990 Apr-16 Sep-29 Sep-29 Sep-i 0 Sep-11 Nov-27

1991 Apr-04 Apr-05 Sep-27 Sep-27 Aug-14 Aug-30 Sep-28 Oct-13" (I) Sep-09 Sep-13 Nov-27 Nov-27
Closure

1992 Apr-08 Apt’-10 Sep-28 Sep-29 Apr-15 May-01 Sep-30 Oct-09 (11) Apr-15 Apr-23@4ft Jun-02 Jun-08
boat-port May-09 Apr-28@6ft

Sep-08 Sep-1

1993 Jun-14 Jun-17 Sep-23 Sep-24    May-12 Jun-1 sep-27 oct-6 Nov-8 Nov-11 Dec-3 Dec-7 O

1994 Apr-23 Apr-25 Sep-29 Oct-5 Apr-22 Apr-24 Sep-26 Oct-10 Apr-21 Apr-23@10f! May-18 May-20
boat-port May-1 ..b..o..a.t.:.p..o.r.t.. ........ .M..,a..y:.l.. .............................................
All culverts fled Nov-28 Nov-30
open (5/18-6/1) Sep-6 Sep-8

(I) . Barder notched on Sept. 28, 1991. Construct’lon resumed on Oct. 10 and flnlshed on Oct. 13.
(11) Barrier notched on Sept. 30, 1992. Construction resumed on Oct. 2 and finished on Oct. 9.
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Fishery resources and water quality monitoring includes the elements described below. The
Fishery Resources and Water Quality Monitoring Plan is implemented for theduration of the five:
year Temporary Barriers Project which was initiated in 1991. The results of the sampling may
indicate the need for changes in the program.

¯ Studying loss effects.

¯ Fish community sampling

¯ Adult salmon migration monitoring

¯ Monitoring of juvenile salmon migration into the southern Delta at Mossdale

¯ Studying salmon smolt survival through the southern
Delta

. circulation field dataObtainingwater

¯ Southern Delta water quality monitoring

¯ Studying possible fish screening of south Delta agricultural diversions

¯ Hydrologic modeling of various barrier installations

¯ Water quality monitoring by the Central Valley Regional Water Quality Control
Board

The vegetation monitoring program has been developed in coordination with the Department Of
Fish and Game to monitor the South Delta Temporary Barriers Project’s effects on riparian
vegetation, emergent wetland vegetation, and sensitive plant.species in Old River, Grant Line
Canal, and Victoria and North Canals. This monitoring program is being conducted for a period of
five years beginning in April 1992. Sensitive plant species and control sites were located and
monitored in 1992 and include:

° California ~hibiscus

° Mason’s Lilaeopsis

¯ Delta Tule Pea

¯ Riparian and emergent vegetation communities

Annual monitoring reports are prepared which provide all population data analyses. A
descriptive assessment of qualiiative and quantitative data ~s discussed in the annual report in
addition to an assessment of how well the performance criteria were met. Reports were published
for the Middle River temporary barrier for 1988 through 1992. Reports for the overall program
have been published for 1992 and 1993. The annual report for 1994 will be submitted to the
Corps, U.S. Environmental Protection Agency, U.S. Fish and Wildlife Service, U.S. National.
Marine Fishery Services, and DFG in 1995. The final report will be submitted to theagencies by
February 21, 1995.
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The ISDP will improve conditions for agriculture through the installation and operation of
tidal flow control structures. These structures will improve water levels and induce circulation in
south Delta channels.
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I
APPENDIX D

WATER. USE AND .SUPPLY IN CALIFORNIA

Overview

This appendix looks at the current and projected water needs and water supplies in
California. The discussion notes that the State is expected to face chronic water shortages in the
future; and that these shortages will occur even if reasonably foreseea~ble supply augmentation
facilities were built, water conservation was practiced, and no endangered species requirements
within the Sacramento-San Joaquin Delta were implemented. These projected shortages can be
expected to increase, given the restrictions currently being placed upon water project operations in
the Delta by endangered species requirements.

California’s water use and supply have been described indetail in past years in a series of
comprehensive long-range planning documents periodically published by DWR. The most recent
document was published in October 1994 as Bulletin 160-93, California Water Plan Update. The
bulletin compares urban, agricultural, a~d environmental water needs for the 1990 level of

¯ development with forecasts for years 2000, 2010 and 2020. Information presented in this
appendix is taken from Bulletin 160-93.

Two water balance scenarios of water supply and demand management programs are
discussed in Bulletin 160-93.

¯ ~The Level I scenario includes those programs that have undergone extensive investigation
and environmental analyses and are.judged, to have a higher likelihood of being
implemented by 2020.

¯ The Level I! scenario includes those programs that could fill the remaining gap shown, in
the balance between supply and urban, agricultural, and environmental water demands.
These options require more extensive investigation and alternative analyses.

The Level I scenario is the ~focus of this discussion because it includes programs which
have been analyzed with respect to the quantity of water supply or demand reduction each could
provide and have a good dhance of being implemented. As shown in Tables 2-1 and 2-2 in
Chapter 2, Level I programs and projects are grouped under demand management (long-term and
short-term) and supply management (statewide and local).

By design, Level II programs and projects are much more speculative and include
additional water conservation, land retirement, and water transfers (under the heading of demand
managemenO; additional storage and conveyance projects (under the hb.ading of statewide supply
management); and additional water recycling, and water desalting, reuse of agricultural brackish
water, and various other programs under the heading of local water management.

Descriptions of the State’s water supply and demand and a summary of the Level I water
balance components follow.

Water Supply

The State’s water supply is comprised of surface water, ground water, and reclaimed
water.. The total, developed wa~r supply for 1990-level facilities and environmental requirements
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is estimated to be 63.5 MAF in average years and 53.2 MAF in drought years.

Significant surface water supply components are the Sacramento and San Joaquin rivers,
Averaging nearly 15.5 MAF, and the Colorado River, which has provided 5 MAF, annually,
including about 600,000 AF of surplus water. The amount of supply available from these sources
is projected to decline due to recent and future actions to protect aquatic species and the
environment in the Sacramento - San Joaquin Delta and valleys and because of increasing demand
within the Upper Colorado River Basin. Mono Lake water supply will also decrease due to a 1991
Superior Court ruling.

Ground water is a valuable adjunct to surface supplies, adding reliability in meeting
seasonal needs. In some areas, ground water is the only available water supply. Californians rely
heavily on ground water when surface supplies dwindle. Ground water overdraft results when
long-term ground water depletion exceeds recharge. Overdraft has been reduced to about 65
percent of the 1980 level. Between 1980 and 1990, annual ground water overdraft has been
reduced by about 0.7 MAF from the 1980 level of 2 MAF. The reduction is mostly in the San
Joaquin Valley and is due primarily to the benefits of imported supplies to the southern end of the
valley, construction and operation of new reservoirs in. the central area of the valley during the
1960s and~ 1970s, and prudent management of surface and ground water resources, including
conjunctive use of those supplies. Current average annual net ground water use is about 8.4 MAF,
including about 1.3 MAF of overdraft. Conjunctive-use operations (using a ground water basin in
combination with a surface water storage and conveyance system) are currently being planned by
DWR and other water agencies in the Central Valley. Most of these programs, however, are in the
early planning stages.

Water reclamation programs include water recycling of urban waste water, ground water
reclamation, desalting agricultural brackish water, and sea water desalting. These sources
currently provide 0.2 MAF of supply annually. Projected new supply due to water recycling for
the year 2020 is estimated to be 2.4 times present amounts. Ground water reclamation programs
will be implemented to recover degraded ground water with about one-half of the reclaimed amount
being new supply. Their additional net contribution to the water supply is expected to be about 0.9
MAF, bringing the total to 1.1 MAF. Because of its high cost and the uncertain future, sea water
desalting and reuse of agricultural drainage are not expected to contribute significantly to water
supply in the near future.

The water supply estimate of the Level I scenario includes the expected increase from
reclaimed water (0.9 MAF). It does not include the 1.3 MAF/yr of ground water overdraft because
overdraft is not sustainable. The estimate, does include water supply increases resulting from a
long-term Delta solution, the Interim South Delta Program, Kern Water Bank, Los Banos Grandes
Reservoir, the Coastal Branch (Phase II), LOS Vaqueros Reservoir, Domenigoni Reservoir, and.
miscellaneous local facilities. The impact to surface water supply due to recent, and proposed
actions to protect aquatic species and the environment is included as an increase in the water use
projections. Water use is discussed in the following section. Given these assumptions, water
supply in 2020 is expected to be 64.5 MAF under average conditions and 51.6 MAF u.,ader
drought conditions.

Water Use

California water is used to meet three basic areas of demand: urban~ agricultural, and
environmental. Bulletin 160-93 presents a detailed discussion of these uses and the assumptions
included in calculating California’s current and projected water use. The following three sections
summarize this information.
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Population and Urban Water Use:

The population projection by the Department of Finance forthe year 2020 is 49 million,
which is an increase of 19 million over 1990. As population increases, so does urban water use.
Although California’s communities have instituted effective water conservation programs -- and are
expected to continue refining and expanding them - the magnitude of the State’s projected urban
growth will continue to increase the need for additional water.

Urban annual net water demand could increase from 6.8 MAF in 1990 to 10.5 MAF by
2020 after accounting for implementation of conservation measures that are expected to reduce
urban annual net water demand by about~0.9 MAF. These conservation meaasures are referred to as
Best Management Practices and are listed in Table D-4. Level I demand projections include the use
of Best Management Practices. The demand projections also ass. ume that urban net water demand
during drought will be reduced by mandatory reductions. In spite of the mandatory reductions,
demand during drought is estimated to be 11.0 MAF by 2020.

Agricultural Water Use:

Since 1980, there has been an overall reduction in irrigated lands. Urbanization .will assure
this trend continues in the future. Also, crop shift is expected to happen as growers move from
low-value/high-water-use crops. A decrease in unit-applied water has occurred due to Efficient
Water Management Practices and increased emphasis on water conservation. These factors are
expected to.reduce agricultural net water demand by about 2 MAF during the period 1990-2020.
Efficient Water Management Practices are listed in Table D-5. The projected net agricultural water
demand is expected to be 24.9 MAF by. 2020 for average conditions. Use during drought is
projected to be 26.1 MAF by 2020. These estimates include land fallowing and water marketing
and transfers, and are part of the Level I demand projections.

Environmental Needs:

Environmental water use is projected to increase as a result of actions currently underway
by the various regulatory agencies. The 1990-level study and future projections of the Level I
scenario.include water needs of managed-fresh water wetlands, instream flows (including the San
Francisco Bay and Delta), and wild and scenic rivers. Proposed instream flow needs for future
years are expected to increase useby 1 to 3 MAF.

.Net environmental water requirements during average conditions are estimated to be 28.8
MAF by 2020. When the proposed instream flows are included, the total volume increases to 30
to 32 MAF. During drought conditionrs, the amount (including proposed instream flows)
decreases to about 18 to 21 MAF primarily due to the variability of natural flows in the North
Coast wild and scenic rivers.

Water Balance Shortages
.

Table D-1 summarizes the water balances for 1990, 2000, 2010, and 2020 for.the Leve! I
scenario. The shortages for 2020 under the Level I scenario are projected to be 2.1 to 4.1 MAF for
average conditions and 2.9 to 4.9 MAF during drought conditions. The shortages shown for the
years 2000, 2010, and 2020 are presented as ranges to incorporate the proposed additional
instream needs and actions underway by regulatory agencies, both of which benefit fisheries).
These needs are estimated to .be between 1 and 3 MAF.

D-3

-�-087295
C-087295



Table D-1
California Water Balance

(millions of acre-feet)

1990                   2000                   2010                    2020
DEMAND           Average Drought Average Drought Average Drought Average Drought

Net Demand* 63.5 53.2 64.3 33.9    64.9    54.5 65.7 55.3

Proposed Additional
Environmental Demands

Case I - - 1.0 1.0 1.0 1.0 1.0 1.0

Case II - - 2.0 2.0 2.0 2.0 2.0 2.0

Case III . - 3.0 3.0 3.0 3.0 3.0 3.0

SUPPLY

Water Supplies w/existing63.5 50.5 62.3 48.9 62.7 49.1 63.0 49.3
facilities under D-1485

Additional Supply from 0.0 1.8 0.7 2.5 1.4 4.0 1.6 4.1
Level I Water Management
Programs

BALANCE 0.0 -0.9 ....

Case I - 2.3 -0.9 -1.8 -2.4 -2.1 -2.9

Case II 3.3 -4.5 -2.8 -3:4 -3.1 -3.9

Case III - - 4.3 -5.5 -3.8 -4.4 -4.1 -4.9

* Includes Level I demand-reduction measures
I
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As indicated above, California’s total annual water supply will need to increase by 2 to 5 MAF
between now and 2020 to provide enough water to meet average and drought-condition water demands
of urban, agricultural, and environmental uses. These amounts would be. even greater if the
assumptions of the balance did not include major conservation and reclamation efforts and the
construction of water supply projects such as Los Banos Grandes Reservoir,-the Kern Water Bank, and

I Domenigoni Valley Reservoir.

Given these forecasted chronic shortages and the fact that the Level I scenario includes the ISDP
and other facilities which are dependent upon the ISDP, DWR is actively pursuing finalizing the ISDP

I EIR/EIS and related environmental documentation in order to receive permit approval for this program.

I D-5
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APPENDIX E

WATER.DEMAND AND SUPPLY M~NAGEMENT

This chapter presents a more detailed look at some of the components analyzed in the water
balances discussed in Appendix D. These are consistent with Governor Wilson’scomponents
water policy, which has provided general direction in developing demand management and water
supply management programs. Bulletin 160-93 data is the primary source for the information
presented here.                                                 "

Level I Demand Management

As noted in Table 2-1 of Chapter 2, Level I demand management consists of long-termand
short-term demand management. Water conservation and level retirement comprise the long-term
measures; and demand reduction, land fallowing and short-term water transfers comprise the short-
term measures.

Long-Term Demand Management

¯ Water Conservation

Following the statewide drought of 1976-77, DWR began an aggressive water conservation
program to help local agencies achieve efficient use of California’s limited water resources through
promotion of water conservation policies and practices that would have the greatest public benefit
consistent with sound resource conservation principles.

DWR administers several’programs that encourage efficient use of water, and has focused on
cost-effective urban and agricultural conservation programs, can-i. "ed out cooperatively with local
agencies throughout the State. Legislation has also been adopted to encourage and improve water
conservation in the State. The two most recent significant pieces of conservation legislation are:
the Urban Water Mdnagement Planning Act of 1983, and the Agricultural Water Management
Planning Act of 1986. Both require.the larger water suppliers, under certain conditions, to prepare
water management plans.

’ Water conservation effects on net water demand vary. greatly, depending on the opportunity
for water reuse in the area. Effective water conservation in a region is the reduction in depletion,
which is defined as reduction of the evapotranspiration of applied water, krecoverable losses from
a distribution system, and outflow to a salt sink. For example, in the_Sacramento River region,
water is reused extensively, so the potential for effective conservation is limited. But a large water
savings potential exists in the Colorado River and the coastal regions, where excess applied water
generally enters saline sinks (Salton Sea or the ocean) or saline ground water basins and cannot be
economically reused.

Reductions in applied water can often be beneficial because they reduce the pumping and
treatment costs and could reduce diversions from streams and rivers to benefit fish and wildlife.
However, care must be taken to look at impacts on downstream reuse, such as other farms or
wildlife refuges, that rely on excess applied water.

Urban Water Conservation - These efforts have been expanding since the 1970’s. Unlike in
thecase of agriculture, there were no institutions such as the University of California Cooperative
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Extension and local Resource Conservation Districts to provide conservation expertise to urban
water users. Urban water agencies have now filled that void and have dramatically increased water
conservation programs.

With the passage of the Urban Management Planning Act in 1983, the California Legislature
acknowledged the importance of water conservation and demand management as essential
components of water planning. The Act requires the 300 medium- and large-sized urban water
agencies to prepare and adopt plans for the efficient use of their water supplies, and update these
plans every five years. The fwst plans were due in 1985. Over 95 percent of the agencies affected
by the law submitted a plan. DWR’s Water Conservation Office works cooperatively with local
water agencies on many conservation efforts such as water education, leak detection, plumbing
code changes, conservation planning,, efficient landscape ordinances, and Best Management
Practices.

Efforts by the State Water Resources Control Board to protect public trust resources in the
Sacramento-San Joaquin Delta have led directly to the establishment of BMPs. In 1988, interested
parties gave the SWRCB widely divergent opinions on appropriate levels for implementing urban
conservation measures. To resolve these differences, urban water agencies, environmental
groups, and State agencies actively participated in a three-year effort which result~l in identifying
BMPs. These are conservation measures that meet either of the following criteria:

¯ An established and generally accepted ’practice among water suppliers that results in more
efficient use or conservation of water~

¯ Practice for which sufficient data are available from existing water conservation projects to
indicate significant conservation or conservation related benefits can be achieved; the practice
is technically and economically reasonable; the practice is not environmentally or socially
unacceptable; the practice is not otherwise unreasonable for most water suppliers to carry out.

Sixteen initial BMPs that meet at least one of these criteria have been identified. Table E-1 lists
the practices and indicates those that have been quantified and are included in the Level I demand
projection. Table E-2 summariz~ potential BMPs that have not yet been approved and analyzed
and are therefore not included in the Level I demand projections.

As of December 1992, over 100 water agencies, plus over 50 public advocacy groups and
other interested parties, had signed a Memorandum of Understanding Regarding Urban Water
Conservation in California. This MOU commits signatories to implement these BMPs at specified
levels of effort over the period 1991 to 2001. The water industry and others are working toward
the implementation of BMPs through the Urban Water Conservation Council, established under the
MOU. Full descriptions.of BMPs, including estimates of reliable savings and implementation
schedules;are contained in the MOU.

The widespread acceptance of BMPs in California virtually assures that their implementation
will become the industry standard for water conservation programs through 2001 and probably
beyond. The BMP process offers great advantages for water agencies. Since many agencies will’
be implementing similar programs on similar schedules, there are significant Opportunities for
combining programs regionally to reduce implementation costs and increase effectiveness. In
addition to the programs described above, many of the cooperative efforts to help local agencies
with urban water conservation programs will focus on implementing BMPs.

Water conservation will undoubtedly continue to play a significant role in managing
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Table E-1

Best Management Practices for Urban Water Use

Estimate of Water Savings

Quantified Not Quantified,,
ManagementPractices

I 1. Interior and Exterior Water Audits and Incentive X
Programs for Single Family Residential~ Multi-
Family Residential and Governmental/Institutional

I Customers

2. New and Retrofit Plumbing X

I 3. Distribution System WaterAudits, Leak Detection X
and Repair

I 4. with Commodity Rates for All New XMetering
Connections and Retrofit of Existing Conditions

5. Large Landscape Water Audits and Incentives , X

6. Landscape Water Conservation Requirements for X

i New and Existing Commercial, Industrial, Institutional,
Governmental, and Multi-Family Developments

7. Public Information X
i 8. School Education X

: ¯ 9. Commercial and Industrial Water Conservation X

10. New Commercial and Industrial Water Use Review ¯ X
¯

I
11. Conservation Pricing X

12. Landscape Water Conservation for New and Existing X

I " Single Family Homes

i
13. Water Waste Prohibition X

I 14. Water Corservation Coordinator X

~ 15. Financial Incentives X
I

16. Ultra-Low Flush Toilet Replacement Programs X

l E-3
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Table E-2 I

Potential Best Management Practices
I

1. Rate Sa’ucture and other economic.incentives and disincentives to encourage water consexvation.
1

’ 2. Efficiency standards for water using appliances and irrigation devices.

3. Replacement of existing water using appliances (except toilets and showerheads whose replacements arel
incorporated as Best Management Practices) and irrigation devices.

4. Retrofit of existing car washes,
l

5. Gray water use.

6. Distribution system pressure regulation.
I

7. Water supplier billing records broken down by customer class (e.g., residential, commercial, industrial).

8. Swimming pool and spa conservation including covers to reduce evaporation, l

.9. Restrictions or prohibitions on devices that use evaporation to cool exterior spaces.

10. Point-of-use water heaters, recirculating hot water systems and hot water pipe insulation.

11. Efficiency standards for new industrial and commercial processes, l

California’s urban water needs. Proven conservation measures will be implemented, by more
agencies, and new measures will gain greater acceptance. More sophisticated economic analyses
will shape the ~ways that water needs are met or modified. However, as water use continues to
become morn efficient, agencies are losing some flexibility in dealing with shortages.

Agricultural Water Conservation - Agricultural water conservation has taken a different path
(han that of the urban sector. Agriculture has had the University of California, California State
Universities, local Resource Conservation Districts and U.S. Department of Agriculture programs
to provide management assistance over many decades. These efforts have often included improved
and better crop varieties, high-yielding food and fiber crops, disease- resistant crops, frost-
resistant crops, and irrigation and farming methods that help preserve soil structure and fertility,
as well as maintaining favorable soil salinity and long-term productivity..These collective efforts
have resulted in better use of resources for agricultural production and significant increases in yield
per acre for almost all crop:: grown in California. Irrigation effieieneies have been increased and
applied water requirements reduced over time as a result of these efforts.

Even though irrigation management continued to improve in the 1970s and 1980s, using the
existing technological transfer mechanisms, agricultural water agencies now fill an active role
paralleling urban water conservation efforts. The two pieces of legislation that initiated this effort
are the California Agricultural Water Management Planning Act of.1986 (AB 1658) and the federal
Reclamation Reform Act of 1982.

E-4
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AB 1658 required all agricultural water suppliers delivering over 50,000 AF of water per year
to prepare an "Information Report" and identify whether the district has a significant opportunity to
conserve water or reduce the quality of saline or toxic drainage water through improved irrigation
water management. The legislation affected the 80 largest agricultural water purveyors in
California. The districts that have a significant opportunity to conserve water or reduce drainage
are required to prepare Water Management Plans.

The Reclamation Reform Act of 1982 required federal water contractors to prepare "Water
Conservation Plans." In California, the U.S. Bureau of Reclamation’s Mid-Pacific Region

of "Guidelines Water Conservation Plans" and. all federaldevelopeda set Prepare water
contractors serving over 2,000 acres ~to submit water conservation plans. In 1990, USBR
requested assistance from DWR to upgrade the guidelines on how to prepare water conservation
plans. New guidelines for USBR’s Mid-Pacific Region were prepared and DWR is providing
assistance to USBR contractors to develop, update, and implement water conservation plans. The
1992 Strategic Plan for the USBR has identified water conservation as a key element for improving
the use and management of the Nation’s water resources. Close cooperation with DWR avoids
duplication of these activities.

Enactment of AB 3616 in 1991 charged DWR to establish an Advisory Committee consisting
of members of the agricultural community, University of California, California Department of
Food and Agriculture, environmental and public, interest groups, and other interested parties to
develop a list of Efficient Water Management Practices for agricultural water supplies. The
proposed list of EWMPs is shown in Table E-3, and estimated water demand reduction from these
practices is included in the Level I demand projection.

The AB 3616 Advisory Committee is working to develop a mechanism for implementation of
EWMPs. Water suppliers implementing EWMPs will identify water conservation opportunities
and set a schedule for implementation. It is difficult to assess the impact of EWMPs at the present
time. Calculation of water savings resulting from EWMP implementation will require a detailed
planning process by each individual district, including analysis of the economic and environmental
costs and benefits. The University of California at Davis surveyed 23 of the 79 agricultural water
agencies affected by AB 1658 to assess what practices similar to EWMPs are currently in place.
The results of that survey are displayed as percentages in Table E-3.

DWR continues to cooperate with many local agencies to implement measures that may be
included on the list of EWMPs in the future. These include providing real-time irrigation
scheduling data through the California Irrigation Management Information System; providing on-
farm irrigation system evaluations through the Mobile Irrigation Management Laboratory program;
offering advice on redesigning fee structures; and offering loans for installation isf water
measurement devices and construction of regulating reservoirs. A cooperative effort, along with
Pacific Gas and Electric and others, has helped develop the Irrigation Training and Research Center
at California Polytechnic State University, ~in San Luis Obispo.

The definition of water conservation that water results inassumes reducingapplied only
additional water supply when the water" would otherwise be lost to evapotranspiration or a saline
water body such as the Pacific Ocean. In the agricultural sector, this condition only applies to a
few specific areas, primarily the Colorado River. Region which drains to the Salton Sea, and the
west side of the San Joaquin Valley. In .the Sacramento River and the San Joaquin River
hydrologic basins, excess applied irrigation water is either reused or ultimately percolates to
ground water or drains back into rivers that flow to the Delta. Any reduction in return flow from
applied irrigation water must be made up by increased reservoir releases to maintain specified
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Table E-3
Efficient Water Manal~ement PracticesA~ricultural

¯
Currentlyin Placel

Practice (percentage)

Irrigation Management

1. Improve water measurement and accounting 70
2. Conduct irrigation efficiency studies ’ 43
3. Provide farmers with "normal-year" and real-time" irrigation, scheduling and 52

crop evapotranspiration ET information
4. Monitor surface water qualities and quantities 52 & 100 respectively
5. Monitor soil moisture 13
6. Promote efficient l~-irrigation techniques 17
7. Monitor soil salinity 26
8. Provide on-farm irrigation system evaluations 35
9. Monitor quantity and quality of drainage waters 39 & 52 respectively

10. Monitor ground water elevations and qualities 83 & 43 respectively
11. Evaluate and improve water user ptttnp efficiencies 39
12. Designate a water conservation coordinator 48

Physical Improvement

13. Improve the condition and type of flow measuring devices 61
14. Automatic canal structures 35
15. Line or pipe ditches and canals 22
16. Modify distribution facilities to increase the flexibility of water deliveries 43
17. Construct or line regulatory reservoirs 26
18. Construct District tailwater reuse systems 39
19. Develop recharge basins 35
20. Improve on-farm irrigation and drainage systems 43
21. Evaluate efficiencies of District pumps 57
22. Provide educational seminars 57

Institutional Adjustments

23. Improve communication and cooperative work among districts, farmers, 65
~d other agencies

24. Change the water fee structure in order to provide incentives for more 43
efficient use of water and drainage reduction

25. Increase flexibility in water ordering and defivery. 65
26. Conduct public information programs 48
27. Facilitate financing capital imlm3vements for District and on-farm irrigation systems 43
28. Increase conjunctive use of ground waler and surface water 22
29.. Facilitate, were appropriate, alternative land uses 4

on a 1992 survey of 23 agricultural water suppliers delivering over 50,O00 AF of irrigation water.Based
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outflows through the Delta.

¯ Land Retirement                    ¯

Land retirement will take place in parts of the San Joaquin Valley where drainage has been a
problem and where continued cultivation of some marginal lands will not be feasible. In
September 1990, a report rifled A Management plan for Agricultural Subsurface Drainage and
Related Problems on the Westside San Joaquin Valley was published. This report evaluated the
drainage problems in the San Joaquin Valley and recommended a plan of action to resolve the
drainage problems on the west side of the valley through the year 2040. The recommendations
included source control (conservation), reuse of drainage water, and land retirement. For the
purpose of the Level I agricultural water demand calculations, it was assumed that source control
and land retirement recommendations would be implemented. Forty-five thousand acres of land
could be out of production by 2020 and about 70,000 acres by 2040. This is accounted for in
agricultural acreage projections. The accompanying net water savings from this land retirement is
about 0.13 MAF.

Short’Term Demand Management

¯ Short-term demand management options are actions taken by water managers to reduce water
demand during drought. This is an intrinsically local issue, and decisions must be made on the
basis of very site-specific reliability needs. Trying to establish a universal basis for an acceptable
level of short-term demand reduction is difficult, especially when approaching it from a broad,
statewide perspective.

¯ Demand Reduction

The Level I scenario uses a 15-percent reduction during a drought to determine the adequacy
of urban water supplies through 2010..The 15-percent level reflects 1990 urban water use
experiences, andwas chosen as a management planning tool for drought periods rather than as an
action which could impose more severe hardships on affected communities. Most of the urban
areas which’ implemented special conservation programs achieved cutbacks at or above this level.
DWR studies indicate that some individual sectors of local economies, such as the green industry,
suffered substantial income and employment losses in 1991. (The "green industry" includes
nurseries, self-employed gat’deners, landscapers, and landscape-related businesses.) However,
from a statewide perspective, a shortage of 15 percent, based on the 1990-91 drought experience,
is considered manageable at the 1990 level for drought events which would occur about once every
20 years.

As more conservation measures are developed and implemented in the future, a 15-percent
shortage criteria will become more difficult to implement because of the increased efficiency in
overall urban water use. These increases in efficiency mean that current drought contingency
measures will be less productive in the future because opportunities to eliminate low-valued water
uses or reduce waste in remaining uses have, for the large part, ah’eady been taken. Consequently,
smaller water supply shortages can result in greater adverse impacts because there is little else to
conserve.

By 2020, the Level I scenario assumes that the 1990 level of 15 percent is reduced to a 10-
percent voluntary or mandatory shortage criterion for urban applied water use, while urban BMPs
are implemented to reduce water demand by an additional 10 percent for a total demand reduction
of 20 in 2020 during drought Potential such urban rationingpercent years. measures, programs
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and changing~ water price rate structures, while not mandated by the State, are assumed to be
implemented during drought periods to attain the overall 10-percent cutback.

¯ Land Fallowing and Water Bank Operations

The State Drought Water Bank began in 1991. During the first year of operation, it
purchased 0.82 MAF. About 50 percent of the water came from land fallowing (0.42 MAF),
followed by ground water exchange (0.26 MAF), and stored water reserves (0.14 MAF). State
Water Bank operations are included in this section because these actions were short-term (one-year
drought supply) for areas with critical needs. Some of this purchased water could be considered
supply management (ground water, reserved storage water) rather than demand management.
However, since overall water service reliability was not improved for the long-term, ground water
exchange and stored water reserves for the drought water bank are included as short-term demand
management options..

DWR is considering making the State Drought Water Bank a permanent water transfer
program available for future drought management. A draft program EIR was published in January
1993 and, after public review, a f’mal EIR was released in November 1993. The report reflects the
experiences of DWR in running the 1991 and 1992 Drought Water Banks and evaluates potential
environmental impacts associated with different categories of transfers.~ The program EIR only
discusses a State-run drought waterbank involving short-term transfers during drought periods
over the next 5 to 10 years. Based on the 1991 and 1992 experience, the operation of a Drought
Water Bank in the future could provide 0.6 MAF of supplies during droughts.

Level I Water Supply Management

This section discusses tile various water supply management options included in the Level I
scenario that could be implemented to reduce short- and long-term water shortages, and thus
improve overall reliability of developed supplies. They are listed in Table 2-2.

Statewide Water Management

Water augmentation programs included in the Level I scenario are a long-term Delta solution,
the ISDP, Los Banos Grandes Reservoir, the Coastal Aqueduct (Phase II), the Kern Water Bank,
the Eastside Reservoir Project (Domenigoni Reservoir), Los Vaqueros Reservoir, and
miscellaneous local projects.

This report discusses various interim south Delta measures and potential long-term solutions
to the Delta. Further discussion of Los Vaqueros Reservoir and the miseellaneons local projects
can be found in Bulletin 160-93.

Los Banos Grandes Reservoir, Kern Water Bank, and Domenigoni Reservoir will increase
the water supply of the SWP and/or improve its water supply reliability. Their potential yield is
included in future water supply estimates for the SWP in the water balance for the Level I scenario.
Further discussion of the SWP water supply is contained in Appendix D.

As shown in the water balances in .Appendix D, California’s total average annual water
supply will need to increase between 2.1 and 4.1 MAF between now and 2020 to provide enough
water to meet average demands of urban, agricultural, and environmental uses. This is over and
above the previously discussed demand and supply management options, and water supply
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augmentation measures discussed in this chapter.

¯ Los Banos Grandes Facilities

In 1983, DWR initiated a comprehensive investigation of offstream storage reservoir sites
south of the Delta. In 1984, after an initial examination of 18 Sites, a DWR study recommended

Los Banos Grandes be investigated to determine most cost-effective reservoir size andthat the
associated environmental impacts.

Based on the feasibility investigations, the proposed Los Banos Grandes project was found
to be a technically feasible and cost-effective solution to help offset projected future SWP water
shortages. Under D-1485 criteria, the Los Banos Grandes reservoir could augment SWP supplies
by about 0.30 MAF in average years and ~about 0.26 MAF in drought years. However, recent
endangered species actions in the Delta have reduced the potential water supply available for the
project, and the feasibility of the project must be reassessed: During this reassessment, alternative
offstream reservoir sites will also be re-evaluated. The outcome of this investigation is highly
dependent on the selection of the long-term Delta solution for resolving fishery issues and
facilitating efficient water transfers through the Delta.

¯ Kern Water Bank

The Kern Water Bank, established under an agreement between DWR and the Kern County
Water Agency, would take advantage of available opportunities to store and extract SWP water in

County water are eight potential or separate components,theKern ground basin.There elements,
to the Kern Water Bank; seven will be sponsored by local water districts and the eighth element is
DWR’s Kern Fan Element.

The Kern Fan Element Programmatic EIR w~ completed in 1986. The EIR proposed
.acquiring up to 46,000 acres for recharging, extracting, and storing SWP water in the Kern River
Fan area. DWR acquired 20,000 acres for the bank in 1988. Initial studies indicate that the Kern
Fan Element could be developed to store as much as 1 MAF and contribute as much as 0.14 MAF
per. year to the SWP in drought years.

The actual size of the Kern Water Bank, along with its implementation schedule, is highly
dependent on resolution ofendangered species issues in the Sacramento-San Joaquin Delta. The
planning program is focused on completion of a Habitat Conservation Plan, incidental-take permits
for terrestrial aspects of the Kern Fan Element, analysis of delayed implementation on the
economic viability of the Kem Fan Element, and analysis of reduced levels of water supply on
project economics. Once the supply impacts are identified and it appears that adequate water is
available, the Kern Fan Element will be rea~sessed, final environmental documentation will be
issued, and for further evaluation of local elements will be considered~aprogram

The seven locally-sponsored elements are in various stages of investigation. They have the
potential of providing over 2 MAF of ground water storage and could contribute as much as 0.29
MAF per year to the SWP in drought years.

Local Water Management

Local water supply Level I management actions include water recycling, ground water
reclamation, and Domenigoni Valley Reservoir.
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¯ Water Recycling,

Projected water recycling is based on the July 1993 survey, Future Water Recycling Potential,
by the WateReuse Association of California and input from local water and sanitation districts.
The survey indicates that there is potential for accelerating the pace of water recycling in the future.
However, current budgetary problems and. the economic recession have had a negative impact on
water recycling project development in the State.

Additional water supply would by generated by water recycling where the Outflow of water
treatment plants would otherwise enter a salt sink or the Pacific Ocean. To estimate how much
additional supply would be generated by Level I and Level II water recycling, a set criteria was
established. The criteria for determining Level I and Level II water recycling is located in DWR
Bulletin 160-93. Total annual Level I water recycling for 2020 is projected to be about 1.32 MAF.
This would contribute about 0.92 MAF of new water to the State Water Project supply. The total
annual Level II water recycling for 2020 is projected to be about 0.37 MAF, which would
contribute about 0.37 MAF of new water to the State Water Project supply.

¯ Ground Water Reclamation

High total dissolved ~solids and nitrate levels are the most common ground water quality
problems. Ground water reclamation programs are designed to recover degraded gr.ound water.
Currently, most of the ground water reclamation programs under consideration are in Southern
California (excluding ground water reclamation solely to remediate contamination at hazardous
waste sites). Some of the degraded water must be treated, some can be blended with fresh water to
meet water quality standards, and some can be applied untreated for landscape irrigation. Total
annual ground water reclaimed by year 2000 is estimated at 0.09 MAF in the Level I scenario.

¯ Eastside Reservoir Project (Domenigoni)

The Metropolitan Water District of SouthemCalifomia began preliminary studies in 1988 to
expand reservoir storage capacity to meet ~projected water demands. Their Eastside Reservoir
Study was undertaken to:

¯ determine the amount of storage needed in the future,
¯ identify alternative sites for the storage,
¯ narrow the list Of potential sites, and
¯ evaluate the potential for a reservoir at one or more of these sites.

Reservoir storage requirements were evaluated in a two-step process designed to establish the
combined ground and surface storage and to determine the minimum surface storage needed.
Based on the minimum reservoir storage need and a comparison of several sites three alternative
sites were selected, including Domenigoni Valley in the western Riverside County.

The Domenigoni Valley Reservoir alternative involves constructing two main embankments as
well as a large roller-compacted concrete saddle dam. The site is near the junction of the Colorado
River Aqueduct, the San Diego Pipeline, and the terminus of the East Branch of the California
Aqueduct. The reservoii-, which could receive water from both the Colorado River and California
aqueducts, will have a capacity of 0.80 MAF.

The reservoir will provide emergency service, carryover storage, and seasonal storage and
enhance operational reliability of MWD’s system. It would also assist with ground water basin
recharge as part of a conjunctive, use program. The reservoir will be used primarily for seasonal
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and carryover storage, of which 50 percent will be allocated, to emergency storage and the
remainder will augment MWD supplies by 0.26 MAF per year during drought years.

In October 1991, MWD certified the final EIR for the Eastside Reservoir Project. Construction
began May 17, 1995. The current.MWD schedule indicates that the Eastside Project will be
operational by the end of this decade. However, it will take about five years to fill the reservoir
and the full benefit of the ~servoir may not be realized until the year 2004.

I                                  Level II Water Management

I Following is a brief discussion of two of the demand management and supply augmentation
concepts which could help fill the gap remaining between supply and demand after Level I
programs are fulfilled.

I ¯ Ocean Water Desalting

Engineers and scientists have been working on economical ways to desalt agricultural brackish
water and sea water for the last 50 years. While environmental impacts are important in planning
for desalting, the major limitation to desalting is its high cost, directly related to high energy
requirements. Desalting costs range from $900 to $2,000 per acre-foot, and are generally far
greater than obtaining water from most other sources. The largest post-2000 desalination projects
are currendy in the conceptual stages. The Metropolitan Water Diswict of Southern California and
the San Diego County Water Authority are currently planning for these projects. Future desalting
programs depend on several factors, including the success of initial pilot projects (includingI determination of environmental requirements), and the availability and cost of other sources of
supply. Because of its high cost and the uncertain future, desalting is considered as a possible
option for future water supply, but is not included in the water supply projections and water

I balances presented in Chapter 3 and Appendix D.

¯ Reuse of Brackish Agricultural Drainage Water

Agricultural drainage is reused extensively throughout the State. As drainage water is reused,
salinity of drain water eventually is increased to a level that prohibits water reuse for most crops.
Some salt-tolerant crops can be grown with a portion of its applied water having a relatively high

I concentration of dissolved solids. Fresh-water use might be reduced by substituting brackish
agricultural drainage water or brackish shallow ground water for irrigation during the mid- to late-
growing season. Using drainage water for irrigation of some salt-tolerant crops was studied and

I discussed in A Management Plan for Agriculiural Subsurface Drainage and Related Problems on
the Westside San Joaquin Valley, September 1990.

i ¯ The primary concern in.long-term use of brackish drainage Water for irrigation is the impact of
salt accumulation on the integrity and productivity of the soil. Before a decision can be made about
large scale reuse of agricultural brackish drainage water for irrigation, field-sized pilot experiments
need to be conducted to examine the impact of salt accumulation on soil and the feasibility .of
commercial farming with brackish water: Any savings associated with this action is, therefore, not
included in the water balances in Chapter 3 and Appendix D.
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Interim South Delta Program
Economic Analysis Appendix

May 29, 1996

The purpose o~f this appendix is to show how the proposed ISDP fits into overall SWP servi~ce
area water management from an economic perspective. The core of this investigation involved
developing and comparing two economically preferred service area water management plans.
The plans forecast development of federal, State, and local long-term water supply augmentation
and demand management programs that are considered reasonably feasible to implement by
2000, 2010, and 2020, respectively. These plans include boththe Level 1 and the Level 2 water
management oPtions described in DWR Bulletin 160-93. In addition, the plans consider the
-expected availability of local shortage management contingency options.

The plans differ in that one plan a~sumed that SWP supply reliability was enhanced by the ISDP
during the period of analysis, whereas the other assumed that this enhancement was not available
(i..e., the baseline or no-project condition). Costs of SWP supplies to the State Water Project
contractors were assumed to be unchanged in order to benefits of the ISDP. Thecomputegross
plans were developed by assuming that local long-term water management options would be
implemented within service areas strictly on the basis of economic efficiency. For this purpose,
the point of greatest economic efficiency is defined as the least cost point when the costs and
losses associated with water service shortages are combined with the costs of managing the
likelihood of those shortages. This is the least-cost planning criterion described below.

Comparing the two plans identifies the effe.cts of ISDP supply reliability enhancement both on
the costs associated with service area water management and on the level of shortage-related
costs and losses. The result is a measure of the relative economic merit of ISDP for meeting
increasing water demands in the context of other feasible local water management options. This
approach is a broader one than is traditionally used, since it employs a comprehensive analysis of
all available local water management options in the determination of the economic benefits of
ISDP for water supply enhancement.

Least-Cost Planning Criterion. The least:cost planning criterion is designed tO give all
available options an equal chance in the plan selection process. If any options, either demand
management or supply augmentation, are arbitrarily excluded, more unlikelyit becomes thatthe
selected plan will be truly least-cost. The plan will probably not provide the greatest "value for ~
the dollar", where the "value" is meeting the needs of water users and the ’,dollar" includes social
and environmental, as well as economic, costs.

Use of the least-cost planning criterion does not mean that planning decisions must be limited to
evaluations that translate all costs into dollar amounts. The LCP concept can be incorporated
into evaluations that rank plans according to their relative social and environmental impacts.
However, whenever social and environmental consequences of alternatives can be reasonably
expressed in dollars, identifying the preferred plan will be less subjective. The appropriate
evaluation method might include a mix of economically quantifiable and non-quantifiable
environmental and social impacts based on the¯relative confidence that can be place.d in the
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specific approach to measuring those impacts. Thus, a plan which is not least-cost in
quantifiable economic terms may be judged to be least-cost from a total welfare perspective ¯
when non-quantifiable social and environmental impacts are considered.

With least-cost planning, the water manager’s objective becomes one of meeting all water-related
needs of customers, not one restricted to looking for ways of providing additional supply. If a
growing service area’s need for sanitation can be met with ultra-low-flush toilets rather than
additional water supplies, then this option should be considered on its merits and compared with
all other options when putting together a water management plan. Making such comparisons is
entirely consistent with the objective of enhancing reliability. With the LCP criterion, how the
service area enhances reliability relates only to the relative costs of the alternatives.

This viewpoint has its origin in the energy industry, where it is called "value-based" planning. In
the energy industry context, providing new customers with warm houses becomes the goal, for
example. Whether this goal is achieved by adding generation capacity (supply management) or
by "freeing up" existing caigacity by insulating houses (demand management) is a concern only
with respect to the relative costs of these options.

In addition to considering all feasible options for meeting customers’ needs, the LCP process ’
requiressystematicand comprehensive evaluation of all costs associated with each option when
devising alternative plans. This includes evaluating the costs of not fully meeting the customers’
needs at all times (planning for some probability of shortages); this option must be as carefully
evaluated as any other. Plans which would result in extreme shortages jeopardizing life or health
would be unreasonable and extremely costly.

AnalydcalApproach. Identification of the economically preferred (i.e., least-cost) water
management plan can be done once sufficient information is collected from existing studies or
new research on the following: all costs and losses expected with the local water management
options available to manage unreliability, including supply augmentation and demand
management costs; shortage-related costs and losses; and any quantifiable social or
environmental costs and losses. The preferred plan will be that combination of water
management options which is likely to produce the lowest total of these costs and losses. The
most useful way of identifying this plan is with a water system simulation model which uses
either historical or synthetic (~omputer generated) hydrology. In this way, shortage events can
be given their relative probabilities and their associated costs and losses weighted accordingly.
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Figure 1 depicts the primary planning relationships important for evaluating, from a least-cost
perspective, the cost of alternative plans to increase the reliability of a hypothetical water service

The link between the investment in water and the sizesystem. long-term managementoptions
and frequency of shortages is shown, as is the link between expenditures to make contingency
options available on the costs and losses associated with those shortages. As indicated,
simulation studies (hydrologic and shortage impact) are required to best approximate the actual
nature of these links. In general, the larger the investment in long-term water management the

i . less frequent and less severe will be the shortages experienced. Similarly, greater investment in
making contingency measures available for future shortage events will lessen the economic,
environmental, or social costs of these

! I
shortages when they occur.

Water Service System LeasI-Cost Planning
COSt Evalua~on Framework

The capital and operations and maintenance

|
costs of both the Ion,a-term and contingency
water management scenarios are shown as o~

components of the total water service
system costs, the remaining component oo,
being the expected costs and losses

i i

associated v,’ith shortages under those
scenarios. -iSse of different lomz-terna and
,contingency water management options
affects water service costs not only directly
but also indirecth through their influence on
the size and frequency of shortages as well
as the costs and losses associated with those
shortages. They can also affect costs
because of their influence on the quality of

I water provided to users and!or water agencyFigure1 ReliabilityPlanningRelationships
treatment processes. Some options~ for
example, may require substantial capital
investment to convert existing treatmentprocesses to those which will be required to meet ¯
existing, or expected standards if those options are to be used.

Figure 2 depicts an analysis to identify an economically optimal plan for increasing water service
reliability. The process involves looking at the additional water management expenditures called

i for by alternative water management plans (each alternative water management plan is made up
of both long-term and contingency water management options: vis-a-vis the shortage-related

I
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costs and losses associated with those plans. Least-Cost Reliability Planning
Total Costs of Alternative Plans ,

(Plans which impose water quality-related
costs on water agencies or directly on users
should have these cost included in their cost
of implementation.) In Figure 2, the
altemative plans are arrayed in t~rms of ~
increasing water management expenditures.
Alternative plan number one represents
existing conditions (no additional water
management actions.) In this example, the
least-cost plan in terms of total costs and

t

losses is alternative plan number eight. Water
management expenditures lower than thoseFigure 2 - Identifying an Ec~nomically Optimal Plan
represented bv this plan (plans one through

~ seven) expose the local area to higher

i shortage-related costs and losses than necessary. Water management expenditures higher than
~ those associated with this plan (plans nine through fifteen) do not "pay for themselves" in terms
,.~ of additional reductions shortage-related costs and losses.

Water Supply Augmentation and Demand Reduction Options

The analyses that follow were prepared by the DWR hydrologic regions as defined in Bulletin
160-93. Because of the detailed information available for the South Coast and San Francisco
Bay Regions, an economic risk management analysis of these regions was used arid is described
in detail. The approaches used for the .other regions served by the State Water Project were. less
comprehe~nsive and are therefore less detailed.

The water supply augmentation and demand reduction options examined in this analysis are
nonstructural and structural measures that are in addition to the demand reduction due to
conservation assumed in the calculation of water supply needs with existing facilities made for
Bulletin 160-93 (DWR, 1994). These measures are those identified as either Level I or Level II
options in the Bulletin.

South Coast and San Francisco Bay Regions. Water supply benefits in these regions, were
evaluated by predicting what an economically efficient (least cost) mix of local water
management measures would look like both with and without the availability of the proposed
facilities and noting the impact on the local management options used and the costs and losses
associated with shortages.

The approach used in this analysis takes a comprehensive view of water Supply reliability,
incorporating key information on the frequency, size, and impacts of shortages. Local water
managers (and users) must respond primarily tO actual year-to-year fluctuations in demand level
and water supply availability rather than to average levels of demand and supply. As shortages

4 !
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increase in magnitude and regularity, shortage management becomes increasingly important for
the local water manager. Shortage management contingehcy options such as water transfers.

conservation and allocation of different classes ofemergency measures, shortagesamong users
(rationing) have been incorporated .in the economic risk management analysis prepared for the
ISDP Facilities.

The analysis also incorporates a means to account for the value of avoiding extreme shortage
events. Summary statistics, such as firm and average yield, do not reflect that one event of a
specified shortage amount can be much more damaging than two events of half that magnitude,
for example. This is particularly true when there are intervening years of no shortfall in the latter
situation and when shortage management can mitigate some of the impacts of the two smaller
shortages.      .

Looking at year-to-year water demand level and supply availability in the context of what locat
shortage management contingency options can and cannot do to mitigate adverse impacts is
critical to assessing the value of enhanced reliability. This includes relating the effectiveness of
impact mitigation measures to shortages of specific sizes. In light of the increasing
environmental and economic costs of reliability enhancement, this effort can be very valuable.
The economic risk analysis evaluates the economic feasibility of the .level of reliability
enhancement provided any in light of shortage managementby combinationof facilities ihe
measures locally available.

Local water management program options were divided into three categories:

¯ shortage contingency demand management and supply enhancement options;

¯ long-term demand management and supply enhancement options; and

¯ management of economic risk

Shortage Management Contingency Options. Contingency water management options are
measures implemented during shortages only (although they may be based on long-term plans
and/or agreements) and are intended to minimize the economic impacts of those shortages. Such
measures can 1) use ground water, 2) uselocal carry-over storage,include ofbanked of in
reservoirs and local ground water basins, 3) reduction of water deliveries to intermptible
programs, 4) purchasing water to augment normal sources of supply, 5) instituting extraordinary
conservation measures, and 6) rationing:

The availability of each of these options depends upon the specific circumstances faced by the
study area. For example, the South Coast Region is assumed to have the option of using banked
ground water through an exchange program based upon the MWDSC and Arvin-Edison WSD
agreement. The capacities of other carryover storage facilities for CVP and SWP deliveries not
needed for current consumptive use were estimated by accounting for the local storage
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reservation capacities needed for the development of the local supply quantities used in Bulletin
160-93. The remaining capacities were used in the Economic Risk Model.

The extraordinary conservation measures include alternate-day watering, water patrols,
emergency water pricing programs, and intensive public education campaigns. Rationing is
assumed to include the setting of allowable use quantities by user type and the provision for
exemptions due to extraordina .ry hardship for residential users and adverse economic impact
(e.g., forced layoffs) for businesses due to the severity of the shortage.

The following is a list of shortage management contingency options, the limit of their effecton
demand, and their expected order of use. These options are assumed to be available, throughout
the study period. These options are listed in their expected order of use:

I. Institute public relations campaign to heighten conservation awareness, use alternate day
watering, gutter flooder patrols, etc.

Region Available: SouthCoast, San Francisco Bay Regions

Maximum Potential Effect: 7 percent of demand.

Use Constraints: Conservation program not implemented if the availability of carryover
storage is excellent, compared to shortage.

Associated Cost .or Loss: Economic losses tO consumers arising from the need to undertake
conservation efforts is quantified with shortage loss function and

"based on extent of.conservation needed. Costs of running
conservation programs to local water agencies are also included,
Above cutbacks of 5 percent, commercial and governmental
cutbacks are assumed to occur at a rate of one-half the residential
user cutback; industrial cutbacks are assumed to occur at a rate of
one-quarter the residential user cutback.

2. Reduce deliveries, for reservoir carryover storage.

Region Available: South Coast

Maximum Potential Effect: 205,000 acre feet.

Use Constraints: Size of cutback dependent on size of shortage.

Associated Cost or Loss: NO cost in current year, potential for increased costs and losses in
future years because of reduced carryover storage supply available
for shortage mitigation.

6.
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3. Reduce deliveries for local in-lieu ground water recharge.

} !
Region Available: South Coast

Maximum Potential Effect: 30,0.00 acre feet.

Use Constraints: Siz~ of cutbackdependent on size of shortage.

Associated Cost or Loss: No cost in current year, potential for increased costs and losses in
future years because of reduced ground water supply available for
shortage mitigation.

4. Reduce deliveries for local ground water recharge through spreading.

Region Available:       South Coast, San Francisco Bay

i Maximum Potential Effect: South Coast: 165,000 acre feet.

San Francisco Bay: 1.100 acre ~’eet.

i            Use Constraints: Size of cutback dependent on size of shortage.

Associated Cost or Loss: No cost in current 5"ear. potential for increased costs and losses in
future years because of reduced ground water supply available for
shortage mitigation.

5. Reduce deliveries made under interruptible agricultural deliver5’ program.

Region Available:       South Coast

Maximum Potential Effect:     116,000 acre feet.

Use Constraints: Cut back related to size of shortage through 1995 MWDSC Incremental
Interruption and Conservation Plan.

Associated Cost or Loss: Loss valued as equivalent to the cost of water which would have
been MWDSC.purchasedfrom

6. U~e local reservoir carryover supply made available by storage in previous years.

Region Available: South Coast, San Francisco Bay

i Maximum Potential Effect: South Coast: As available -- up to 658 TAF capacity for
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carryover storage of imported supplies.

San Francisco Bay: As available -- up to 245 TAF capacity
for carryover Storage of imported supplies.

Use Constraints: Operational rules limit use.

Associated Cost or Loss: Local treatment and distribution costs.

7. Use imported supplies stored within the service area ground water basins in previous years.

Region Available: South Coast, San Francisco Bay

Maximum Potential Effect: South Coast: As available -- up to 572 TAF capacity for"
carryover storage of imported supplies.

San Francisco Bay: As avhilable -- up to 20 TAF capacity
’ "              for carryover storage of imported supplies.

Use Constraints: South Coast: Operational rules and annual extraction capacity of 240 TAF
annually limit use.

San Francisco Bay: Operational rules and annual extraction capacity of 1"8
TAF annually limit use.

,Associated Cost or Loss: Cost of pumping ground water plus local treatment and distribution
COSTS.

8. Use ground water banked in a previous year through an exchange agreement with another
agency.

Region Available: South Coast

Maximum Potential Effect: " As available -- up to 830 TAF capacity for carryover
storage of imported supplies.

Use Constraints: Operational rules and annual extraction capacity of 128 TAF annually
limit use.

Associated Cost or Loss: Cost of pumping ground water plus conveyance and local
treatment and distribution costs.

9. Purchase emergency imported supply through local long-term water marketing agreement.
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I
Region Available: South Coast, San Francisco Bay

I Maximum Potential Effect: S6uth Coast: 90,000 acre feet, based on Palo Verde Test
Land Fallowing Program.

San Francisco Bay: 35,000acre re(t, based on 1991
purchases.

I Use Constraints: Availability dependent on conveyance capacity available. Frequency of
availability is assumed to be limited by third-party impacts to a maximum
of five years in any ten-year period and no more than two years in a row.’

Associated Cost or Loss: South Coast: Cost 0fpurchase assumed to be $138/AF plus

~ conveyance costs, based on Palo Verde Test Land Fallowing
._ Program. Cost of any additional treatment required by poor quality’

of purchased supply not taken into account.

San Francisco Bay: Cost of purchase assumed to be
$100/AF plus conveyance costs. Cost of any additional
treatment required by poor quality of purchased supply not
taken into account.

10. Purchase emergency imported supply througl~ State Water Bank.

Region A’vailable:      .South Coast, San Francisco Bay

Maximum Potential Effect:     South Coast: 250,000 acre feet, based on 1991 State Water
Bank purchase.

San Francisco Bay: 92,000 acre feet, based on 1991 State
Water Bank purchase.

Use Constraintsi Availability dependent on conveyance capacity available and on critical
shortage criteria established by the State Water Bank: presently triggered
by 50 percent shortfall in SWP entitlement delivery and assumed to
require at least an 20 percent shortage in the service area after all the
above actions.

Associated Cost or Loss: Cost of purchase assumed to b~ the same as that during the 1991
State Water Bank: $ ] 75 iAF plus cost of conveyance from the
Delta.

11. Institute a rationing program designed to minimize adverse economic impacts (provide for

9
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business exemptions based on economic hardship or have an ~pecific plan for differential
cutbacks for different cu+tomer classes).

Region Available: South Coast,San Francisco Bay

Maximum Potential Effect: Amount of remaining shortage after all local contingency
options, are exhausted.

Use Constraints: Not imposed unless 20. percent shortfall remains after foregoing measures.

Associated Cost or Loss: Losses associated with rationing program computed using loss
function in conjunctionl with a function which varies the size of
shortages based on the type of user: Industrial, Commercial and
Governmental, and Residential. in order of decreasing protection
from shortages. Costs to local water agencies of running the
rationing programs are included.

Shown in Table is a summary of the options discussed above:

!
!
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Table 1
Annual Availability of Contingency Options

Maximum Potential Effect

Option (In Order of Use) South Coast San Francisco Bay
Region Region

Contingency Conservation Program , 7% of Demand of Demand ’".

Reduced Deliveries for Surface Carryover 205 TAr, NAStorage

Reduced Deliveries for In-Lieu Ground Water
Recharge 30 TAr NA

Reduced Spreading for Ground Water Recharge .-165 TAr 1.1 TAr

Reduced Interruptible Agricultural .....Program            116 TAr             NA
Deliveries

Deliveries from Local Regervoir Carryover
Storage                         "                658 TAF           245 TAF

Deliveries from Prgviously Stored Local Ground 572 TAr 20TArWater

Deliveries from Previously Stored Ground Water
Bank Supply" 128 TAr NA

Locally Negotiated Water Market Purchase 90 TAr 35 TAr

State Water Bank Purchase 250 TAr 92 TAr

Rationing Program As Required As Required

Long-Term Options. Local long-term water management options to increase reliability that
were considered include: (1) local waste water reclamation, (2) local desalination of brackish
drainage and ground water, (3) local desalination of sea water, and (4) the development of water
by importation, using long-term measures in other geographic areas, including land fallowing.
Also included was the retrofit with ultra-low-flush toilets and leak detection programs in the
service area. All these programs are beyond those assumed for the base case water supply
forecasts in DWR Bulletin 160-93 (i.e.’, they are Level I and Level II options).

Another long-term management option "automatically" evaluated as part of the least-cost
planning approach is the acceptance, of risk with regard to the level of use of the other long-term

11
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management options, This strategy’ calls for explicitly evaluating the economic cost of shortages
based on their expected frequency and magnitude and in the light of available contingency
shortage management measures. The results of that evaluation were used in conjunction with an
analysis of the cost and effectiveness of available long-term water management measures to
determine which of these measures were reasonable from an economic standpoint. The results of
this final analysis is the best overall risk management strategy for the studyarea.

South Coast Region Long-Term Options

Table 2 is a summary list of local long-term options assumed to be available in the South Coast
Region. These are listed in Bulletin 160-93 as Level I andLevel II options. The options are
ranked in the assumed order of implementation (based on using those with the lowest unit cost
first, irrespective of whether they are Level I or II). The water reclamation options were grouped
into categories based o11 unit cost (the cost criteria for the categories are described below). With
the exception of the last category, the midpoint of the cost range is shown in Table 1 (and used
,for the ERM evaluation) for each reclamation category. To be conservative, the start of the range
is used for the last category’.

Unit Cost. water produced or conserved by each option, and cumulative quantities are als6 shown
in Table 2. Costs shown are in 1992 dollars and are computed usin~ noninflated dollax~s and a 6
percent discount rate. The energy, cost component of each altemative is assumed not .to escalate
during the study’ period. These criteria are consistent with those used for developing the costs of
the proposed SWP action. Additional details on each option are given,below:

1. Water Reclamation (Category I). For year 2000, projects producing a total of 224 TAF are
assumed available in this group. For 2010, projects producing a total of 261 TAF are assumed
available in this group. For 2020, projects producing a total of 270 TAF are assumed available
in this group. The cost of these projects is in the $100/AF to $249/AF range.

2. Extraordinary Conservation. Residential water audits would be conducted by water agency’
representatives as a result of aggressive promotional campaigns by the water agency. The audits
are free to the property owner but they are voluntary; the number of households benefiting from ¯
the audit was estimated at 50 percent. Under the program: 1) water uses are identified and
discussed with householders, 2) low-flow shower heads, toilet tank displacement dams, and

faucet aerators are offered for installation by the agency, 3) toilet leaks are repaired, and .4)
advice on reducing landscape and other exterior water uses is provided. Ultra-low-flush toilets
use 1.6 ga’.lons per flush (gpI’), compared to about 5.5 gpf for conventional toilets installed before
1978 and 3.5 gpf (low-flush) toilets installed beginning in 1978. (State legislation required the
installation of 3.5 gpf toilets after 1977.) Water savings from conservation programs, combining
both measures are estimated to be 277 TAF. annually in 2000, 470 TAF annually in 2010, and
609 TAF annually in 2020. The average cost of these efforts is estimated to be $350/AF.

3. Water Reclamation (Category II). For year 2000, projects producing a total of 201 TAF are
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assumed available in this group. For 2010, projects producing a total of 321 TAF are assumed
available in this group. For 2020, projects producing a total of 336 TAF are assumed available
in this group. The cost of these projects is in the $250/AF to $499/AF range.

4. Ground Water Reclamation. For years 2000, 2010, and 2020, projects producing a total of 80
TAF are assumed available in this group. The average cost of these projects is $400/AF.

5. Water Reclamation (Category III). For year 2000, projects producing a total of 104 TAF are
assumed available in this group. For 2010, projects producing a total of 147 TAF are assumed
available in this group. For 2020, projects producing a total of 149 TAF are assumed available
in this group. The cost of these projects is in the $500/AF to $749/AF range.

6. Ground water desalting and treatment. Facilities to desalt brackish ground water and treat to
drinking water standards are expected to be able to produce 30 TAF in years 2000, 2010, and
2020. The average cost of these projects is $810/AF.

7. Water Reclamation IV). For 2000, projects producing total of 26 TAF are(Category year a

assumed available in this group. For 2010, projects producing a total of 37 TAF are assumed
available in tiffs group. For 2020, projects producing a total of 156 TAF are assumed available
in this group. The cost of these, projects is in the $750/AF to $999/AF range.

8. Sea Water Desalting. This option is dual-purpose project involving both power production
and a desalting distillation process using waste heat from the power plant. For the years 2000.
2010, and 2020.33 TAF is expected to be available from cogeneration RO at about $900/AF.

9. Gray *rater Use. Residential gray water systems are expected to be able to reduce water use
by 85 TAF in years 2000, 2010, and 2020. Most households produce between 24 and 36 gallons
of gray water per person per day. Many population centers in the State are located in areas where
the climate requires landscape irrigation at least seven months of the year. Gray.water could
replace potable water during that period of time. The cost is extimated to be $1,000/AF.

10. Water Reclamation (Category IV). For year 2000, projects producing a total of 36 TAF are
assumed available in this group. Foi" 2010, projects producing a total of 60 TAF are assumed
available in this group. For 2020; projects producing a total of 72 TAF are assumed available in
this group. The cost of these projects is $1000/AF or greater.

11. Sea Water Desal6ng. Reverse Osmosis (RO) desalting using primary energy is expected to
make available about 309 TAF in years 2000, 2010, and 2020. This is expected to cost about
$2000/AF.

13’
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Table 2
Local Long-Term Options - South Coast Region

Cumulative Product
Product (TAF) (TAF)

Local Option Year Year Year Year , .Year Year Cost
’ 2000 2010 2020 2000 2010 2020 ~ ($/AF)

Water Reclamation 224 261 270    224 261 270     175
(Category I)

Extraordinary 277 ,o 470 609 501 731 879 350
Conservation ....

~Water Reclamation 201 321 336 702 1052 1215 375
(Categor*" II)

Ground Water 80 80 80 782 1132 1295 400
Reclamation

Water Reclamation 104 147 149 886 1279 1,444 625
(Category Ill)

Groundwater Desalting 30 30 30 916 1309 1474 810
and Treatment

Water Reclamation " 26 37 156. 942 1346 1630 875
(Category IV)

~

Sea Water Desalting 33 33 . 33 975 1379 1663 900
(Cogeneration)

Gray Water Use 36 60 72. 1011 1439 1735 1000

Water Reclamation 85 85 85 1096 1524 1820 1000
(Category V)

Sea Water Desalting 309 309 309 1405 1833 2129 2000
(Reverse, Osmosis)

San Francisco Bay Region Long-Term Options. Table 3 is a summary list of Comparable
long-term options for the San Francisco Bay Region.

!
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Table 3
Local Long-Term Options - San Francisco Bay Region

Product (TAF) Cumulative Product
(TAF)

Local Option Year Year Year Year Year " Year Cost
¯ 2000 2010 2020 2000 2010 2020 ($/AF)

Water Reclamation 19 53 64 19 53 64 175
¯ (Category I)

Extraordinary 142 240 312 161 293 376 375
Conservation

Water Reclamation 29 35 42 190 328 4f8 375
(Category II)

Ground Water 10 10 10 200 338 428 400
Reclamation

Water Reclamation 4 4 5 204 342 433 625
(Category III),

Groundwater Desalting 0 0 0 204 342 433 810
and Treatment

Water Reclamation 23 26 30 227 368 463 875
(Category IV)

Sea Water Desalting 35 35 35 262 403 498 900
(Cogeneration)

Gray Water Use 13 13 13 275 416 511 1000

Water Reclamation 16 33 37 291 449 548 1000
(Category V)

Sea Water Desalting 325 325 325 616 774 873 2000
(Reverse Osmosis)

Central Coast Region. This region is characterized by costly water management options in the
face of increasing urban use due to population growth. Management options in this region were
extensively evaluated during the decision/regulatory process for subscribing to SWP deliveries
through the Coastal Aqueduct. On this basis, alternatives to the reliability added by the ISDP
were assumed to be at least as costly as the SWP supply.
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,
Tulare Lake Region. Management,options for this region were examined for two classes of
users: (1) agricultural and (2) municipal and industrial.

Agricultural Users - For individual farmel;S using SWP agricultural deliveries in this region, local
options for water supply’.and demand management include:

¯ .Pumping ground water (if farms overlie a ground water basin).

¯ Increasing on-farm water application efficiency

¯ Exchanging supplies within the local water agency from areas with alternative supplies to those
without.

¯ Stressing crops by’ not meeting full evapotranspiration requirements.

.¯ Reducing planted acreage of annual crops.

Based on the 1976-77 and the 1989-92 drought experiences, which included the drilling of many
additional wells and the more than doubling of annual pumping in the Tulare Lake Basin in the
most recent drought, it is reasonable to expect that an)’ ~dditional increment to SWP deliver
curtailments due to the absence of the ISDP facilities will be substantially compensated by local
ground water pumping. In 1991, additional ground water pumping was used to compensate
almost totally for about a 60 percent shortfall in surface water availability. For areas that do not
overlie ground water, the 1976-77 and 1989-92 experiencesdemonstrated local water agenc.v
flexibility in setting up contingency exchanges with those nearby areas with available local
ground water supplies.

Reinforcing this expectation is the fact that potential net water savings from increased on-farm
efficiency in the Tulare Lake region are small to nonexistent because of high on-farm and basin
efficiencies. In addition, crop stressing is a high-risk strategy, and leaving farmland idle is
costly.

The cost of using ground water as an alternative in the Tulare Lake Region includes the cost of
additional pumping in the year of curtailment related to the absence of the ISDP facilities and the
cost of managing any exchange programs necessary to get additional water to areas without
ground water pumping capability. The results of a study by Northwest Economic Associates,
EconomicImpacts of the 1991 California Drought on San Joaquin Valley Agriculture and
Related Industries, March 16, 1991, was used for the unit cost of pumping additional quantities
from added depths during times of surface water shortage. In addition, because the Tulare Lake
Region is in a condition of long-term ground water overdraft, the additional pumping in any
single year will cause an increase in pumping depth, which will result in a long-term increase in
all pumping costs. This is an additional .COSt not taken into account. The estimate of the sir~gle-
year pumping costs impacts used for the ISDP study was $34/AF in the Fresno/Kings area and
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i         $58/AF in the Kern area.

I The Northwest Economic Associates also used estimate the farm-level incomestudywas to
impacts of that portion of surface water shortage not made up by ground water pumping. The

~. ¯         overall impact due to croP fallowing and yield reductions used for the ISDP study was $43/AF.
Because conditions both with and without the ISDP result in large expected surface water
deficiencies for the Tulare.Lake Region, the 1991 study was considered to be appropriate to
estimate the benefits of the ISDP for both the added pumping costs and the farm losses.

This assumption of a linear relationship between the level of agricultural deficiency and the
economic impact of that deficiency could bias the results of this study. The direction of bias is
indeterminant because of.the higher frequency of conditions of less severe shortage compared
with those of more severe shortage. Thus, overestimates of the impact of smaller shortages will
tend to be counterbalanced by the much larger, but less frequent, underestimates of the impact of
more severe shortages. Also, the coincidence of shortages in adjoining agricultural areas and in
supplies from alternative water surface water sources can influence the ability of affected areas to
trade water tO reduce shortage-related costs and losses. The 1991 drought event created surface
water shortages in all areas in the San Joaquin Valley to some extent.

I Because of the long-term overdraft, the absence of the ISDP accelerate the point at which
¯ agricultural ground water pumping becomes uneconomical, or water quality becomes

~ ¯ unaccePtable for crop production. The net economic cost of the future loss. of irrigated acreage
was assumed to be at least as costly as the ground water pumping alternative described above.

Municipal and Industrial Users - SWP M&I users in the Tulare Lake Region were assumed to
have the same capability for ground water pumping and/or contingency exchange as the
agricultural users in.the region. The cost of these alternatives to the M&I users was assumed to
be at least as high as the current cost of the M&I supply minus the cost of local treatment and
delivery. This value was estimated to be $165/AF, based on a DWR water price survey.

Sacramento River Region. The M&I water users in this region are assumed to have access to
local surface water as a supply management option. Using the weighted average SWP equival.ent
unit water cost 6f $20/AF as a conservative alternative cost, DWR assumes that the cost of using

I supplies at as great as cost current supply. 132;thealternative is least the of the SWP Bulletin
Management of the California .State Water Project (DWR 1989), was the source of the
equivalent unit cost.

South Lahontan Region. SWP deliveries are made to this region for both agricultural and
urban uses. Because of the rapid urbanization taking place and the absence of supply options,
urban users depend on both the phasing out of local agriculture and an increase in SWP
deliveries to meet their future needs. Even with the use of additional local water exchanges and
extraordinary shortage-management programs, the growth in urban demands will result in even
more frequent and severe economic losses due to shortages. Without the ISDP, this situation
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would be worse.                                                                      .

Colorado River Region. Water management Options in this region include additional waste
water reclamation and water sharing with agricultural users on a contingency basis. The
frequency and extent of sharing would have to be restricted to avoid unacceptable economic
impacts within the agricuItural sector. The acceptance of additional economic risk would also be
a likely consequence of the absence of the ISDP.

Analytical Approach for South Coast and San Francisco Bay Regions

To evaluate the alternatives to the ISDP, it was assumed that the shortage management
contingency options available would be those which could reasonably be expected to be
available during the study, period using the criteria, of physical, financial, and political f~asibiiity.
Because the same op.tions would be used under conditions both with and without the ISDP and
their use dictated by the severity, and duration of shortage, they can be considered as alternatives
to the ISDP only’ in terms of the frequency and extent of their use. It was als0 assumed that a risk
management strategy would be appliedwhether or not the ISDP was in place.

This assumption required the use of a simulation model that would approximate, to a reasonable
degree, the use of local contingency measures which would actually be seen in response to
shortages of various sizes and durations. The economic cost of shortages could then be
determined by tying implementation costs to the use of these measures and adding these to an
estinaate of the economic losses which would be incurred by water users after all reasonable
mitigation measures were empl6yed. For this study, the value of losses to users was derived
from the current marginal cost of water to residential users and a recent residential user survey’ on
the willingness to pay to avoid water shortages.

Table 4 shows the relationship between potential water shortages to households as a percentage
of normal use and the median willingness to pay to avoid such shortages. These .values were
used in the simulation model in functional form to estimate losses. An adjustment to the
economic cost of shortages was made to account for the disbenefit of enduring substantial
shortages (equal to or greater than 20 percent) occurring consecutively or with only one or two
intervening years. Two consecutive years of such a shortage is assumed to produce an added
disbenefit equal to a 20 percent upward adjustment to the second year’s losses. With one
intervening year, this adjustment is 7 percent. With two. intervening years; the adjustment is 4
percent. Beyond two intervening years, there is no adjustment.
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Table 4
Annual Willingness to Pay to Avoid Shortages

Annual Use per Household

I Deficiency 0.75 AF 0.65 AF 0.5,5 AF

0% $0 $0 ~$0

5% ~$30 $26 $22

10% $91 $79 $67

15% $181 $157 $133

20% $298 $258 $219

25% $439 $38! $322
"~ O/_~0 zo $602 $522 $441

35% $784 $680 $575

These values were derived by extrapolati.ng from the results of a contingent valuation ,study done
for the Metropolitan Water District of Southern California for the Bay-Delta Hearings held in
1987-88. The results were entered as State Water Contractors Exhibit 51, Economic Value of
Reliable Water Supplies, dated June 1987. The credibifity of the extrapolated values was
strengthened by using (as part of the extrapolation process) the existing unit cost of water at the
no shortage point and. at the moderate- to high-shortage points; the cost of contingency supply
augmentation measures.under serious consideration during the 1990-91 drought period, and the
cost of emergency punitive water rates for high water users during that period.

More recent studies have shown evidence of an even more severe "threshold" effect than can,be
inferred from the 1987 ~tudy, Which means that the estimates of losses produced by using the
values presented in Table 3 might be seriously understated for the smaller deficiency levels. The
resulting bias would be to undervalue the benefits of the ISDP program.

The simulation program accounts for the existence of strategies by local water agencies to
manage most severe economic impacts of shortages either by official rationing programsthe
which allocate the shortages differentially or ad hoe exemption programs based on economic
hardship. The program uses a shortage allocation formula above a set threshold (5 percent) to
adjust the size of the overall shortage to be equivalent to the shortage that would have to be borne
by the residential sector in order to allocate proportionately smaller shortages to the commercial
and governmental sector and the industrial sector. This ",economically equivalent" shortage is
calculated by estimating the allocation which would be needed to equalize the incremental costs
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of shortage in each sector, the economically "least cost" way of shortag.~ allocation. The
assumption used is that the shortage in the commercial and governmental sector should be held
to one-half the size of the shortage in the residential sector and the shortage in the industrial
sector should be held to one-quarter the size of the shortage in the residential sector.

3 is a flow chart of the Economic Risk Model. In brief, the model was run yearly on theFigure
¯ 71-year hydrologic record for the SWP contractor-requested entitlement demand levels and
projected local use level~ for the years 2000, 2010, and 2020, Two sets of runs were made at
each year level; the only difference was the existence of the ISDP: one set assumed its existence,
whereas the other set did not. Within each set, runs differed only by the amount of additional
water made available by the use of local extraordinary long-term water supply enhancement and
demand management Options. For each of the South Coast and San Francisco Bay Regions, fifty
simulation runs were made, each run adding a specified fixed increment of local, supply,
depending upon the demand                                                   "
and use levels being evaluated.                          .

ECONOMIC RISK MODEL FRAMEWORK

SUPPLY DEMAND

Average M&I ~onsumptive ¯

use for the South Coast and __
San Francisco Bay Regions t supp~,, i I Lo.~-~o.    _

were based on numbers _ _
produced for DWR Bulletin -’~
160-93. Variation in the

¯ Av~diabl¢ . Dern~,n~year-to-year level of M&I
consumptive use was ’ ’
simulated within the economic
risk model based on historic .....

OPERATIONSclimatic conditions in each ~ r ,    No Shor~ge Supply/Demand ~ Shor~g¢

region during the 7l-year
period ofhydrologic record. ’, c.,,.o.a i I s~o,~,~o "~_’The variance in con.sumptive
use driving the simulation was
based on an estimate made in a ’ i~i~i.ii~i~.i~;~££ ~££" .v.
study done for the
Metropolitan Water District

t ~"~’~i~"~ t---[-]-- [
(Chesnutt and McSpadden, ’

~ January 1989), Each run (at a
specified increment of local l ~ ]~
supply) was made thirty times
for each of the 71 years of .......................................
hydrologic record. This
allowed for the resimulation of Figure 3 - Economic Risk Model
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consumptive use e.ach time to get a sufficiently reliable estimate of the expected value of the
economic losses. "

For each of these runs, an expected economic loss was computed and compared to the cost of the
local extraordinary long-term water management options used. On this basis, an optimal use of
these options could be established using the risk management criterion. This is the economically
efficient "least cost" point of Option use. Because risk mitigation is not costless, this level of
optimal use of local man.agement options still allows for an associated level of expected
shortage-related costs and losses. Any further reduction in expected costs and losses would not
be economically efficient because of the higher cost of using the remaining options.

An additional criterion must be considered if risk management mandates a liigher level of use of
local options for an earlier year compared with a subsequent year. In this case, "extra capacity"
can appear on system a period may come if, example,thelocal after of time.This about for the
combined effect of downward-trending local agricultural demands in an M&I service area and
increased risk acceptance for SWP operations (i.e., higher average deliveries to the local area)
more than counterbalances the additional use associated with a growing population.

The local decision-makers must decide how mu~h additional risk should be accepted on the local
system in the early years to avoid paying for at least some portion of the excess capacity in the
later years. Factors to be considered are the size of the option costs which could be avoided
compared to the size and duration of the additional risk which would have to be accepted and the
confidence which can be islaced in assumptions about future supply/use conditions.

Identification of South Coast Region Alternatives

Table 5 shows the water balance assumptions used for the Economic Risk Model runs for the
South Coast Region. This balance does not include the supplies provided by the State Water
Project. the Los Angeles Aqueduct, or the Colorado River Aqueduct. Yearly time,step delivery
files produced by water supply system simulation models are used to add supplies from these
sources for the 71-year period of hydrologic record.
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Table 5
Average Year Local Water Balance - South Coast Region

LOCAL SUPPLY [1] Year 2000 Year 2010 Year 2020

Local Surface 254 254 254

Ground Water 1,100 1,125 1,150

Other Federal 22 22 22

Reclamation [2] 82 82 82

TOTAL LOCAL SUPPLY 1,458 1,483 1,508

Non-lnterruptible Ag. Net Use 453 342 240

Total Ag Net Use 569 458 356

<lnterruptible Ag Net Use> 116 116 116

Other Non- nter~uptible Net Use 233 238 238

Environmental 6 6 6

Other ’227 232 232

NET URBAN & INTERRUPTIBLE AG 772 903 1,030
SUPPLY

NET URBAN & NET INTERRUPTIBLE
DEMAND

Urban Net Use [3] 4,228 5,004 " 5,779

Inte.rruptible Ag Net Use 116 116 116

Intr. Ag Applied Use 155 155 155

<In-Lieu Applied GW Avail.> [4] 35 35 35

Basin Efficiency .0.97 0.97 0.97

TOTAL LOCAL NET DEMAND 4,344 5,120 5,915

NET ADDL NEED FOR IMPORTED 3,572 4,217 4,885
SUPPLIES

[1] No additional local storage assumed

[2] Net of 50 TAF for Salinity Barrier Injection

[3] Net of 50 TAF consumptive use to keep GW supply useable

[4] GW available to replace interruptible program surface water cutback
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At the Year 2000 level and without the ISDP. a South Coast Region.Year 2000

decision based on risk management calls for
implementing local options up to and including
3 TAF from Category II water recycling
facilities, producing a total of 504 TAF from the
use of local options. With the ISDP in place, a    ~.~
total of 444 TAF from local options would be
needed.¯ No Category II water recyc!ing
facilities supply would be used and only 220
TAF from extraordinary, water conservation
would be used. On this basis, the appropriate
local option alternative is the 3 TAF from the tm~, []we Izl~,,j
Catego~’ II water recycling facilities and 57Figure 4 - Identification of Year 2000
TAF from the extraordinary water conservationAlternative
program, the difference in option use. Figure 4
is a graphic depiction of this result. For the 2000 level, lower economic risk with the ISDP is
also of the alternative. The least-cost allows reduction in the costpart managementstrategy a

risk as well as a reduction of the cost of local option use with ISDP.

Without the ISDP in 2010, risk management sour. Coast Region -Year ~010
dictates the use of local options up to and ,¯~,
including 243 TAF from Category II water
recycling facilities for a total of 974 TAF frorn
the use of local .options. With the ISDP in ~ ~,* I ................
place, a total of 980 TAF from local options
,would be needed. Options up to and including
249 TAF from Category II water recycling o

facilities would be used. On this basis, the 0
appropriate alternative is a 6 TAF decrease in
the use of Category II water recycling facilities,
a reduction in use oflQcal options. Figure 5 ¯is a ~w~,,j
graphic depiction of this result. For the 2010 Figure 5 - Identification of Year 2010
level, the benefit of economic risk with the Alternative
. I.SDP is part of the alternative., The least-cost
management strategy requires the trade-off of a small increase in the cost of local option use for
the benefit of this reduced risk for with the ISDP.
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At the 2020 level of requested entitlement so,~ co,~ ~eg~o.- v,r ~o20 I
deliveries and without the ISDP, local options
producing a total of 1,484 TAF would be "® ~ t .................................
needed to meet the "least cost" economic ,.= 4-
efficiency criterion. This would be provided by ~,.~. m
those options up to and including 10 TAF from
the Category IV water recycling facilities. With.o~
the ISDP in place, a total of 1,451 TAF from~ ’
local options would be needed. Only the ’~ ~
options up to and including 7 TAF from ~ground
water desalting and treatment facilities would be ~,,~ ~.~ ~,,-~ ,~.~- m
used. The 23 TAF from the Category IV water[~,,~, ~,~ r~,, ~ ~,,, ~,,,~,,~,, ]
recycling facilitie*s and the I 0 TAF fr~>m ground Figure 6 - Identification of Year 2020
water desalting and treatment, which are .noAlternative
longer needed with the proposed SWP facilities
in place, are properly designated as comprising the alternative. Figure 6 is a graphic depiction
of this result. As in the case of the 2000 level analysis, the least-cost management strategym
allows ~a reduction in the cost of risk as well as a reduction in the cost of local option use with
ISDP.

!Shown in Figures 7 through 9 are the results of the least-cost optimd~n analyses for the South
~Coast Region for the Years 2000. 2010. and 2020 respectively. Each result identifies the cost of
local option use and the associated level ofeconomic risk. These values correspond to the
alternative identification results described in detail above.

south Coast Region - Year 2000 South Coast Region - Year 2010 I

F |
Figure 9 - Least-Cost Solution for Year 2000 , l~igure 8 - Least-Cost Solution for Year 2010
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I South Coast Region - Year 2020

I --
I

i =c ~,so. ~..,so. .

Figure 9 - Least-Cost Solution for Year 2020

I
Identification of San Francisco Bay Region Alternatives

I
Table 6 shows the water balance assumptions used for the Economic Risk Model runs for the San
Francisco Bay Region. This balance does not include the supplies provided by the MokelumneI or the Hetch Hetchy Aqueducts~ the State Water Project, or the Central Valley Project. The
model uses yearly time-step delivery files to add these supplies for the 71-year period of
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I
Table 6                                            I

Average Year Local Water Balance - San Francisco Bay Region

LOCAL sUPPLY [1] Year 2000 Year 2010 Year 2020 I

Local Surface                                         365               365               365 !Local Imports 3"2 39 43

Ground Water 126 160 165

Other Federal 54 54 54 I
Reclamation 36 36 36

TOTAL LOCAL SUPPLY 613- 654 663
I

Non-lnterruptible Ag. Net Use 90" 90 90

Total Ag Net Use 90 90 90
I

<lnterruptible Ag Net Use> 0 0 0

Other Non-lnterruptible Net Use 182 183 185 ¯
IEnvironmental 160 160 160

Other 22 23 25

NET URBAN & INTERRUPTtBLE AG 341 381 388 I
SUPPLY

NET URBAN & NET INTERRUPTIBLE
IDEMAND

Urban Net Use 1,409 1,559 1,656

IInterruptible Ag Net Use 0 0 0

Intr. Ag Applied Use ¯ 0 0 0

<in-Lieu Applied GW Avail.> [2] 0 0 0
I

Basin Efficiency 0.97 0.97 0.97

TOTAL LOCAL NET DEMAND 1,409 1,559 1,656

I

NET ADDL NEED FOR IMPORTED 1,068 1,178 1,268
SUPPLIES

I

[1] No additional local storage assumed

[2] GW available to r .~place interruptible program surface water cutback
I

hydrologic record. .. .. |
The analysis of alternatives for the San Francisco Bay Region resulted in the identification of the
use of extraordinary water conservation as the only long-term local option which was affected by

Ithe availability of the added reliability supplied by the ]SDP. In Year 2000, the level of long-

|
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I        term option use was reduced from 39 TAF to 36 TAF by the ISDP. For Year 2010, use was
reduced from ’68 TAF to 65 TAF and, for Year 2020, from 100 TAF to 97 TAF. The local optionI altemative was 3 TAF of extraordinary water conservation for all thre~ year levels. For each of
these year levels, Category I water recycling was used to the extent it was assumed to be

i available: 19 TAF, 53 TAF, and 64 TAF, respectively (see Table 3).

Shown in Figures 10 through 12 are the results of the least-cost optimum analyses for the San

I
Francisco Bay Region for theYears 2000, 2010, and 2020, respectively. Each result identifies
the cost of local option use and the associated level of economic risk. These values correspond
to the alternative identification results described above.

!                     -r
, San Francisco Bay Region - Year 2000 f San Francisco Bay Region - Year 2010

t S35 ooo , , S40

¯

~o~.oo~ ....~..,,.co,i~ .....I I~’°=c=’~ .....~’’-c°"~°’"’l
Figure 10 - Least-Cost Solution for Year 2000 Figure 11 - Least-Cost Solution for Year 2010

!
6an Francisco Bay Region - Year 2020 .

~ s3o ooo -

Figure 12 - Least-Cost Solution for Year 2020

I Economic Benefits
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Economic benefits of the proposed ISDP project wereestimated using the Economic Risk Model
for the South Coast and San Francisco Bay Regions. The benefits of the ISDP for these regions
depend on ~the extraordinary local water supply and demand management options that would be
employed under conditions with and without the proposed ISDP. Either the costs of the options
that could be displaced.by the existence of the proposed ISDP, the expected economic losses that
would be avoided with the proposed ISDP, or both (if appropriate), could then be properly
attributed to the ISDP facilities as benefits. The lower level of total costs of water management
at the least cost point with the ISDP supply enhancement available is theeconomic benefit of the
ISDP. Tables 6 and 7 were developed by using the procedure described in the previous section
for determining the optimal employment of local options and noting the expected total water
management costs associated with each level of use of the options. This was done by calculating
the increase in expected losses due to the reduction in use of the local options (a cost) and
adjusting it by the avoided cost of the options no longer needed (a benefit).

The lower the use of the local options, the higher the value of the ISDP for reducing risk. The
avoided economic loss benefit of the ISDP would be more than proportionally greater to the
degree that the local options are not available to the extent assumed or are more costly than
assumed, an important observation because of the uncertainty about the environmental, legal, and.
health problems associated with some of the options. While the technical feasibility of the local
optionshas" been established, the reclamation and desalting options require additional study to
assess their environmental and health impacts and to determine legal obstacles to their
implementation.

The Economic Risk Model analysis, whicl~ is equivalent to identifying that level of local option
use which equates the marginal value of expected shortage costs and losses avoided to the
marginal costs of local water supply/demand management options, is a conservative way of.
interpreting the model results with respect tO estimating the benefits of the ISDP. If local water
managers (and users) are more risk-averse ~han indicated by this type of analysis, Which is a
reasonable assumption, the benefits will be higher than indicated. Under the assumption of
greater ri.sk-aversion, the avoided cost of the local option~ that would be displaced by existence
of the facilities becomes more important. Because it is the increasingly costly options that would
be displaced, the cost savings (that is, benefits) arising from use of the facilities to attain the
desired level of risk become very large.

Benefits for SWP agricultural contractors in Kings and Kern counties were computed by using
)

estimated avoided pumping costs and crop revenue losses. These costs were developed (and
generalized) from the results of a study d~ne by Northwest Economic Associates, Economic
lmpacts of the 1991 California Drought on San Joaquin Valley Agriculture and Related
Industries, March 1992. Current water costs were used to estimate willingness to pay for M&I
water in the Central Coast, Tulare Lake, and Sacramento River Regions.

South Coast Region M&I Benefits. For 2000, 2010, and 2020, the Corresponding benefit
values were calculated to be $22.5 million, $15.3 million, and $29.3 million annually. Shown in
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Table 7 are the details of the derivation of these numbers. The drop in benefits in the year 2010
was due to assuming a greater availability of the lower-cost options in that year compared to the
year 2000. The equivalent annual benefit over the 21-year study period is $20.3 million.

Table 7
Analysis of Annual Benefits - South Coast Region

Demand Level

Variable Year 2000 Year 2010 Year 2020

Water Use (TAF)

Use of Local Without ISDP 504 974 1,484

Options With ISDP 444 980 1,451

Avoided Option Use 60 (6) 33

Benefits ($ Thousands)

Cost of Local Without ISDP 137,275 301,300 544,575

Options With ISDP 116,200 303,550 517,195

Reduction in Local Option Costs 21,075 (2,250) 27,380

Expected EconomicWithout ISDP 114,632 179,354 238,982
Costs and Losses
Due to Shortage With ISDP 113,272 161,776~ 237,097

Reduction in Economic Costs and Losses 1~360 17,578 1,885

ISDP Benefits (Reduction in Option Costs
Plus Reduction in Expected Costs and Losses)22,435 15,328 29,265

San Francisco Bay Region M&I Benefits. For 2000, 2010, and 2020, the benefit values were
calculated to be $0.7 million annually. Shown in Table 8 are the details of the derivation of these
numbers. The equivalent annual benefit over the 21-year study period is $0.7 million.
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Table 8
Analysis of Annual Benefits - Francisco Bay Region

Demand Level

Variable Year 2000 Year 2010 Year 2020

Water Use (TAF)

Use of Local Without, ISDP 39 68 100

Options With ISDP 36 65 97

Avoided Option Use 3 3 3

Benefits ($ Thousands)

Cost of Local Without ISDP 10,825 14,855 ,24,628

Options With ISDP 9,700 13,739 23,509

Reduction in Local Option Costs 1,125 1,116 1,119

’Expected Economic Without ISDP ..21,163 20,876 22,353
Costs and Losses ~"
Due to Shortage With ISDP 20,918 20,839 22,244

Reduction in Economic Costs and Losses 245 37 109

ISDP Benefits (Reduction in Option Costs
Plus Reduction in Expected Costs and Losses)

t,370 1,153 1,228

Agricultural Benefits for SWP Service Areas in Tulare Lake Region. The estimate of the
single-year pumping costs impacts used for the ISDP study was $34/AF in the Fresno/Kings area
and $58/AF in the Kern area. The impact due to crop fallowing and yield reductions used for the
ISDP study was $6/AF in the Fresno/Kings area and $~0/AF in the Kern area. The average
impact from the proposed facilities on SWP deliveries to the Fresno/Kings area is about 7,300
AF. The average impact from the proposed facilities on SWP deliveries to the Kern area is about
40,600 AF. Annual benefits were estimated to be $4.1 million. The results are shown in Table9.
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Table 9
Agricultural Benefit Analysis -- Tulare Lake Region

Annual Benefits ($ Thousands)

Year
Expected agricultural losses 2000 2010 2020

without ISDP                      ,
Pumlfiing Costs 12,561 12,561 12,561
Income Loss 12,936 12,936 12,936

with ISDP
Pumping Costs 10,55 ! 10,551 10,551
Income Loss 10,866 10,866 10,866

Avoided losses
Pumping Costs 2,010 2,010 2,010
Income Loss 2.070 2,070 2,070

Total 4.080 4,080 4,080

Benefits in Other SWP M&I Service Areas. The Economic Risk Model has not been applied
directly to other SWP municipal and industrial areas because the necessary information on either
the reliability or cost of local supplies, the ~availability and effectiveness of local water supply,
and demand management options was unavailable. The following regions were those in which
the major portion of ISDP benefits were expected to occur.

Central Coast Region - The cost of water supplied by the Coastal Aqueduct is $645/AF.
Adjusting this for SWP conveyance cost and local treatment and distribution results in a net
value of $575/AF. was assumed to constant througtiout the study period. TheThisvalue remain
average impact from the proposed facilities on SWP deliveries to this area is about 2 TAF.
Based on this, an estimated equivalent annual benefit of $1.2 million was obtained.

Tulare Lake Region - The average urban water rate presently being paid for urban water in this
’area is $190/AF. Adjusting this for SWP conveyance cost and local treatment and distribution
results in a net value of $165/AF. This value was assumed to remain constant throughout the
study period. The average impact from the proposed facilities on SWP deliveries to this area is
about 4 TAF. Based on this,, an estimated equivalent annual benefit Of $0.7 million was
obtained.
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Sacramento Valley Region - SWP operations studies for the ISDP revealed no effect
deliveries to this region. No benefits were ascribed to the existence of the ISDP.

Table 10
ISDP Annual Economic Benefits by Region

Benefit
Type of Use. Region

(Million $)

South Coast 20.3

Central Coast 1.2

Municipal and Industrial San Francisco Bay 1.2

Tulare Lake 0.7

Subtotal 23.4

Agricultural Tulare Lake 4.1

Total 27..5

Summary of Annual Benefits. Table 10 shows a summary of the benefits derived with the
procedures described above. Total benefits or "cost savings" for the SWP service areas due to
the implementation of the ISDP were estimated to be about $28 million annually.

The benefit values presented in this table should be used advisedly for the determination of
economic justification for the proposed project for the following reasons:

¯ Economic benefits were computed for the period 2000 to 2020 only. Because the economic
life of the project exceeds this substantial.ly, this is a very conservative method of benefit
estimation, particularly in light of expected increases in Urban demand beyond the year 2020.

-¯ Local water supply sources that are not modeled on a year-.to-year basis in the Economic Risk
Model are assumed to be continually at their average year values. This simplifying assumption
can bias the results by not capturing the large costs and losses which can arise when shortages
occur on these local supply and the explicitly modeled imported supply systems concurrer~tly.
This bias is most likely to be present when the local area has limited carryover storage capacity
compared with the size of current-year use. Similarly, the benefits of the coincidence of
"surpluses" on both systems is not correctly taken into account, although this bias is reduced in
areas with limited carryover storage capacity. Both situations will tend to show less benefits
from increased SWP reliability than would otherwise be the case.
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¯ Some local imported water supply sources which are modeled on a year-to-year basis are
modeled at the current level of demand and do not reflect the benefits ivhich might be gained by
reoperation for higher levels of demand, if that opportunity exists. The modeled sources also do
not reflect the benefits which might be gained by coordinating their operations based on regi6nal
rather than individual water agency benefits, if that option is feasible.

¯ The determination of local project alternatives is done in the model on the basis of a
risk-neutral view of risk management. Risk-averse management (risk minimization) by local
agencies--which has been the predominant mode--wou!d result in the proposed project displacing
more costly water management options than under the risk,neutral assumption.

¯ The costs developed for the local water management options must be considered very
preliminary in comparison to the costs developed for the proposed project. In the preponderance
of cases, when a detailed study is made of an option and commensurate refinements are made to
cost estimates, the costs increase substantially.

¯ Local options which require the disposal of materials covered by. hazardous waste regulations,
such as desalting plants and some waste water reclamation plants, may have higher than
anticipated, costs.

¯ Some of the local options assumed to be available may not be politically, financially, and/or
technically feasible as soon as the model expects or not feasible at all. For example, the
reclaimed waste water options were based on liberal assumptions regarding the acceptable uses
for this source of supply in light of current regional Water Quality Control Boards and Health
Department regulations.

¯ The model assumesthat both the South Coast, Central Coast, San Francisco Bay and the Tulare
Lake Regions have the facilities and institutional agreements in place to move water as needed to
minimize the impact ofsho~ages. Because this is more or less unlikely to be the situation the
model tends to undervalue the benefits of the proposed project for this reason.

¯ The long-term consequences of added surface water deficiencies on ground water levels in
overdrafled basins in the San J0aquin Valley for future agricultural pumping costs were not
calculated. Also, because of the growing market for California’s high-income crops, plantings of
these crops are expected to increase significantly, creating a higher exposure to risk from water
supply unreliability.

In light of the foregoing(the economic benefit numbers must be considered, on balance, to
underestimate the actual benefits of the proposed project.
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’- ! 3 ,Project-Related Hydrodynamics
Delta hydrodynamics are influenced by changes in stream inflow, watershed modifications,

I Pacific Ocean tides, CVP and SWP exports, municipal and industrialusers, agricultural
diversions and returns, channel modifications within the Delta, and regulatory constraints.

I This section first provides a general.description of the environmental ~etting, followed by a
discussion of the methodology used to evaluate alternatives. Next, .there.is a discussion of
base conditions under both existing and future SWP demand levels, followed by a
discussion of changes as a result of the preferred alternative. Finally, a discussion of

" I

changes ms a result of the Fisheries Alternative.

!
3.1 General Setting

~
The Sacramento-San Joaquin Delta is a roughly triangular area of about 738,000 acres

-- I
(1,150 square miles) extending from Chipps Island near Pittsburg on the west to
Sacramento on the noah and to the Vernalis gaging station on the south (Figure A3-1). In

~ addition to the Sacramento River entering the Delta from. the north and the San Joaquin
i I River entering from the south, minor tributaries to the Delta include the Cosumnes,

Mokelumne, and Calaveras rivers (Eastside Streams). The rivers flowing to the Delta°

I receive a combined runoff from approximately 40 percent of California’s land area. The
Delta discharges to Suisun Bay and San Francisco Bay, forming an interconnected estuary
system. The Delta comprises over 700 miles of interconnected waterways which flow

around 57 major islands. The total surface area of the Del~ waterways is over 48,000

I acres. Approximately 1,100 miles of levees protect 700,000 acres of reclaimed marshlands
and uplands.

i~ I           The Delta serves as a source of fresh water for agricultural and municipal consumption in

central and southern California. The principal diversions are through the State Water
I Project (SWP), operated by the Department of Water Resources (DWR), and the~ Central

Valley Project (CVP), operated by the U.S. Bureau of Reclamation (Reclamation). The

I Contra Costa Water District also exports water to a lesser extent. The state and federal

agencies built dams, reservoirs, and canals to increase storage capacity and annual export

A3-1
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: ! Figure A3-1
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rates. These facilities represent one of the world’s largest man-made water systems, with a

water-st0rage capacity of about 16.5 million acre-feet (MAF). At present nearly 10 MAF
of fresh water is removed from the Sacramento-San Joaquin river system for local
consumption upstream and within the Delta. An additional 6 MAF is pumped from the
Delta and exported in aqueducts for .municipal and agricultural use in the state (DWR
1993b). There are approximately 1,800 local water diversions in the Delta (DWR 1993a).

Water from the Delta flows west into the San Francisco Bay and is in Ua’n influenced by
tidal input from the ocean. The hydrodynamics of the Delta are greatly influenced by the
operations of the SWP and the CVP. Together, these two projects divert approximately 18
percent of the inflows to the Delta, based on an average from 198Oto 1991. Important
parameters to consider when evaluating hydrodynamics of the Delta include Delta inflow,
Delta outflow, Delta exports, flow reversals, null zones, tidal influence, water levels, and
cross-delta flow. Each .of these parameters is discussed in the following sections.

3.1.1 Delta Inflow
Runoff from Central Valley rivers and streams accounts for approximately 95 percent of the
inflow to the Delta. Approximately 70 percent of the inflow comes from the Sacramento

River basin, 15 percent comes from the San Joaquin River basin, and 5 percent comes
from the Central Sierra Basin through the Eastside Streams (State Board 1991b).
Precipitation throughout the state has a great impact on the hydrodynamics of the Delta.

This section characterizes the variations in .precipitation and flows reaching the Delta from
the three river basins.

Precipitation

Generally, precipitation in northern California is much more important to water supply than
precipitation in southern California. For the most part, water supplysystems throughout
California rely on water that comes from northern California. The .water supply
infrastructure favors the import of water from the north to the south. Most contracts for

!
C--087346

(3-087346



water supplies in southern California are through DW.R, which derives its supplies from
the northern and central areas of California.

Availability of water supplies at the Delta varies with natural conditions and upstream
development. Natural hydrologic variations cause extreme’ fluctuations in monthly and

yearly inflows. Winter storms produce Delta flow rates of several hundred thousand cfs,
while drier summer conditions can decrease flow rates to a few thousand efs. Unimpaired
annual volumes range from less than 7 MAF in critical years to more than 70 million in wet
years. Most Delta inflow is provided from the Sacramento River basin and the San Joaquin
River basin. The annual rainfall within the Delta varies from approximately 18 inches in the
east and Central portions to approximately 12 inches in the southern area.

Sacramento River Basin

The Sacramento River basin includes the watersheds of the following major tributaries:
McCloud, Pit, Sacramento, Feather, Yuba, Bear, and American rivers and Cottonwood,
Stony, Cache, and Putah creeks. Water from the Sacramento River basin enters the Delta
from the Sacramento River near Sacramento and during high flow conditions from the Yolo
Bypass just west of Sacramento. Sacramento River flows are highest in winter and early
spring, since the watershed receives more precipitation as rain than as snow.

Flows on the Sacramento River just south of Sacramento can approach maximum channel
capacity of 110,000 cfs during high flow conditions (February and March of wet years).
Diversions to the Yolo Bypass begin at Sacramento River flovcs between 40,000 and¯

80,000 cfs (Jones and Stokes 1993). Minimum flows, during late summer, are normally¯
between 10,000 and 20,000 cfs. However, during summer months of drier years flows
often fall below 10,000 cfs. These summer month flows are dependent on releases from
reservoirs upstream of the Delta~

.San Joaquin River Basin

!
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The San Joaquin River basin includes the watersheds of three major tributaries: the
Merced, Tuolumne, and Stanislaus rivers. Smaller tributaries, consisting of runoff from

the Coast Range or agricultural drainage, include Salt and Mud sloughs, Panoche, Little
Panoche, Los Banos, Horsewoman, and Del Puerto creeks, and the Fresno and
Chow.chilla rivers. Water is imported into the san Joaquin River basin from the Delta via
the Delta-Mendota Canal (DMC) of the CVP and the California Aqueduct of the SWP.

Peak streamflows in the San Joaquin River generally occur later in spring than the
Sacramento River basin. These peak streamflows contribute runoff in the form of
snowmelt and occur in the spring. Pdak flows during winter and spring range fi’om 15,000

to 40,000 cfs..During summer months flows are typically 1,000 cfs, but can drop below
1,000 cfs. These summer month flows are dependent on releases from reservoirs upstream
of the Delta.

3.1.2 Delta Outflow
Delta outflow is the water that flows through the Delta and past Chipps Island to San

Francisco Bay. Delta outflow is composed of two components: minimum amounts
required by existing standards, and "surplus" Delta outflow. Delta outflows vary greatly
according to month and hydrologic year type. It is highly seasonal and generally is

characterized by large winter outflows from runoff generated by Pacific storms, and small,

relatively steady .outflows from reservoir releases during the summers. Delta outflow
averages about 13.0 MAF per year. The magnitude of this flow depends on Delta inflow,
export, an.d depletions of channel water within the Delta. During normal water years, Delta
outflow is higher in winter and spring and decreases during summer and fall. Delta
outflow commonly exceeds 35,000 cfs from December through April, but is usually less
than 14,000 cfs from Ju!y though October. During summer months of critically dry years,

Delta outflow can be as low as 3,000 cfs.

Freshwater Delta outflow establishes a hydraulic barrier to prevent ocean water from

intruding deep into the Delta and affecting municipal and agricultural supplies.. The
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barrier, where fresh water mixes with is locatedhydraulic gradually oceanwater, near
Chipps Island during moderate Delta outflow periods. During. flood flows, the hydraulic
barrier moves out into ~e Bay. Delta flows provide a nutrient-rich environment for the

multitude of organisms that are an integral part of the Bay-Delta food chain..

3.1.3 Delta Exports
State Water Project

The SWP, operated by the DWR, includes a series of dams, reservoirs, pumping plants,
channels and aqueducts, and hydroelectric dams. Lake Oroville, located on the Feather
River in Butte County, is the SWP’s main storage facility. Water releases from Lake
Oroville enter the Delta’ through the Feather and Sacramento rivers and contribute to the
flows in those rivers as well as the channels within the Delta for Delta users~ Delta salinity
control, and export needs.

According to the current U.S. Army Corps of Engineers permit, the maximum allowable
pumping from the SWPYs Banks Pumping Plant is 6,400 cfs, unless flows in the San

Joaquin River at Vemalis are above 1,000 Cfs .during mid-December through mid-March.
If the river flows are greater, then the SWP can divert 33. percent of the amount of the San
Joaquin River flow in addition to the 6,400 cfs. At a maximum, daily diversions into

¯ Clifton Court Forebay cannot exceed 13,870 AF. The historical average annual diversion

of the SWP is 1,872,000 AF between 1968 and 1991. SWP recent entitlements and other
deliveries have ranged from 2.0 to 3.1 MAF annually. Entitlement demand of SWP
contractors for the year 2010 is an estimated 4.1 MAF annually.

Central Valley Project

The CVP, operated by Reclamation, consists of dams, reservoirs, and conveyance facilities

in northern and central California. CVP reservoir systems.providing Delta export supplies
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and augmenting low summer and fal! flows to the Delta are: the Shasta Division, the
Trinity River Division, and the Folsom Unit of the American River Division.

The CVP exports about 3.4 MAF of water annually from the southern Delta via the Tracy
Pumping Plant to the Delta-Mendota Canal, 2 miles east of Banks Pumping Plant. The
capacity of Tracy Pumping Plant is 4,600 cfs. Tracy Pumping Plant averaged 802,000 AF
¯ annually during the first decade of operation (1950s) increasing to 1,539,000 and
2,141,000AF during the 1960s and 1970s and reaching an average of 2,519,000 AF
during the 1980s. Within its current contracts, the CVP is meeting a 1985 demand of 7.0
MAF. With no new contracts or facilities, these contracts will build up tO a demand of 7.8
MAF by year 2010. In addition to current contracts, a needs analysis conducted by
Reclamation~ for the CVP service areas has identified a further need for 3 to 4 MAF.
Estimates of uncommitted CVP water supplies are less than half this need for water.

The magnitude of the CVP’s projecied water supply capability depends on reuse of initial

deliveries. For example, after northern California growe.rs use CVP water to irrigate their
crops, excess water is returned to theSacramento River and counted again as project yield
available for rediversion or for meeting Delta outflow requirements. Thus, if expansion of
CVP water use in the Delta’s upstream service area were not to occur as projected, or if
improved irrigation efficiency reduced the volume of return flows, the CVP water delivery
potential could be lower than anticipated.

3.1.4 Delta Flow Reversal

The expression"reverse flow" characterizes a Delta flow problem that stems from the lack
of capacity in certain channels leading to the export pumps. CVP and SWP water supply
exports are obtained from uncontrolled Delta inflows (when available) and from upstream

reservoir releases when Delta inflow is low. Most of these uncontrolled flows and releases
enter the Delta via the Sacramento River and then flow by various routes to the export

!
C--087350

C-087350



pumps in the southern Delta. Some of these flows are drawn to the SWP and CVP pumps
through interior Delta channels, facilitated by the CVP’s Delta Cross Channel and a natural
connection through Georgiana Sloughl In some situations, these interior channels do not
have enough capacity to meet Delta demands for agricultural, the export pumps, and other
users in the southern Delta.

The remaining water from the Sacramento River needed to meet pumping demand flows
down the Sac~:amento River to Threemile Slough and the western end of Sherman Island

and up the San Joaquin River toward the pumps. When freshwater outflow is relatively
low, water in the western Delta is brackish because fresh Water from the Sacramento River
mixes with saltier ocean water entering as tidal inflow from the San Francisco Bay. This
~water can be drawn upstream (reverse flow) into the San Joaquin River and other channels

by pumping plant operations when San Joaquin River flow is low and pumping is high.
The massive amount of water driven in and out of the Delta by tidal action dwarfs the actual
freshwater outflow and considerably complicates the reverse flow issue. Prolonged
reverse flow can deteriorate water quality in the interior Delta and at the export pumps and

can harm fisheries.

Currently, during operational periods of reverse flow, more. water than is needed for export
must be released from project reservoirs to help repel intruding sea water, maintain required

water quality in the Delta, and meet export quality standards. This incremental release of
water from the reservoirs is a .function of Delta export, south Delta inflow, tidal cycle, and
operation of the Delta Cross Channel gates. If the Delta Cross Channel gates are closed
when pumping rates are high and the Delta is under controlled conditions, more water must

be released to repel salinity intrusion.

Portions of the southern Delta are also affected by reverse flow. San Joaquin River water
naturally flowing downstream past the head of Old River toward Stockton can reverse and
flow upstream during periods of low San Joaquin River flows and high export rates.
During these times San Joaquin River water from downstream Of Stockton reverses and

flows into the head of Old River toward the export pumps. Middle River between Victoria

A3-7
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Canal and Old River will reverse during the latter portion of the irrigation season (luly
through September). When San Joaquin River flow is below 2,000 cfs at Vernalis, 10ca1
diversions in this reach of Middle River are usually’ greater than the flow from Old River

into Middle River, causing flows to reverse and flow from the north. These flows can be
further aggravated during high e:~port periods or during low tides.

3.1.5 Null Zones

Local diversions can and do affect the pattern of water circulation in narrow south Delta
channels, so that, at times, local saline discharges do not move downstream and out Of the

area but instead become trapped and concentrated in the "null zones" of zero flow. This in
turn results in water quality degradation irrespective of how fresh the water flowing into the
Delta may be.

In shallow, low capacitY channels~ diversions from the channel can begin to approximate

the flow leaving the channel. When this happens, water can cease flowing from the
channelor even begin to flow into it from its downstream end just as it is flowing into it
from the upstream end. This results in no flow out of the channel, creating what is called a

"null zone". In this situation, there is no way to carry away the saline return flows that
continue to accumulate and concentrate along the channel. This lack of circulation prevents
better quality water otherwise available from the main channels from freshening the
degraded supplies available to users along the channel.

Within the south Delta, null zones exist in.three predominant areas: in Old River between
Sugar Cut and the CVP intake, in Middle River between Victoria Canal and Old River,and
in the San Joaquin River between the head of Old River and the city of Stockton. At both
the Middle River and the San Joaquin River locations, the reverse flow conditions due to
project diversions can improve the null zone condition. In each case the quality of water
coming from the reversal of flow is better than the water quality coming from the upstream

direction.
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At both Middle River and the San Joaquin River locations, the reverse flow conditions due

I to project diversions can improve the null zone condition. In each case, the quality of water
coming from the reversal of flow is better than the water quality coming from the upstream
direction. Improvements to water circulation in south Delta channels can be evaluated in
terms of two factors: increases in reverse flows due to project diversions, and elimination ~

of null zones.

!
3.1.5 Tidal Influence and Water Levels

!
The river systems of the Delta are open to the Pacific Ocean via the Golden Gate arid are
influenced by tides: two high ¯tides and two low tides each day. Eac~ahigh-water stage

raises water elevations and produces a flood tide that flows landward through Delta

i chanfiels. As the tidal cycle continues, it reverses to a low-water and produces an ebbstage
tide that flows to thd ocean and lowers water levels. Near the western edge of the Delta,
near the city of Pittsburg, tidal flood flows can be as much as 330,000 cfs (upstream) and
tidal ebb flows can be as much as 340,000 cfs (downstream) during summer conditions.

i The tidal influence decreases as the distance from the ocean increases. Near the south-
eastern boundary of the Delta, at the San Joaquin River just downstream of the head of Old
River, summer flood flows are approximately 2,000 cfs and ebb flows are approximately! 1,000 cfs. The average incoming and outgoing Delta tidal flow is about 170,000 cfs.

The tidal currents also carry a large volume of ocean water back and forth through the San
Francisco Bay-Delta Estuary with the tide cycle. The mixing of salt and fresh water can

shift two to six miles depending on the tides and outflow, and may reach into the Delta
¯ during periods of low inflow. The point at which fresh water flowing seaward from the
Delta meets saline water flowing landward at depth is called the entrapment zone, an
important biological entity of the Delta food .web. The location of the entrapment zone is

estimated from electrical conductivity data. The Environmental Protection Agency has
designated the position of the mean daily 2 ppt isohaline, measured in kilometers from the
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Golden Gate Bridge, as X2. The location of X2 is dependent on tidal flows and Delta

outflow.

Tides affect the water elevations throughout the Delta, with increasing influence as the

distance to the ocean decreases. Water elevations can vary within the Delta from 1.5 feet
above mean sea level at the San Joaquin River just downstream of thehead of Old Rive~ to

over five feet at the outlet of the Delta, near the city of Pittsburg. The tidal range of water
levels within the south Delta is affected by the magnitude of export pumping. If water in
the south Delta is diverted by the SWP and CVP during the rising tide, the incoming
volume of water and its corresponding momentum would be diminished, attenuating the
Subsequent high tide upstream. Water conditions in the area are also influenced by San

Joaquin River inflow, local pump diversions, agricultural diversions and returns, and
channel capacity. Historically, there have been various complaints from South Delta Water
Agency that hydraulic capacity is insufficient to convey water to some points of diversion
during.the months of peak agricultural demand.

3.2 Methodology

Mathematical modeling of statewide operations, water levels, flows, velocities, and
salinities in the Delta channels has greatly aided water resources planning, for the Delta.

However, some care is required when interpreting the results of such modeling. The
mathematical modeling conducted to aid in the evaluation of change caused by the ISDP

was generally not intended to provide absolute predictions of future Delta hydrodYnamic
conditions. Results of mathematical modeling of Delta conditions under alternative actions.
planned are often interpreted in terms of direction and relative magnitude of changes. For
this reason, the analysis of how the ISDP may affect hydrodynamics was based on the

values changed under the preferred alternative with respect to the base no-action alternative.
The figures and tables, which show the modeling results, are located at the end of this
section.
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Two different types of engineering studies were used to evaluate changes as a result of the

proposed project: (1) water supply studies using the DWRSIM model, based on 71-year

historic hydrology from 1922 to 1992, in which two levels of SWP demand wereanalyzed;
and (2) Delta hydrodynamic and water quality studies using the DWRDSM model.
Mathematical modeling of Delta hydrodynamics and water q~aality was used to .evaluate

potential changes to Delta flows, stages, velocities, and salinifies. The following sections
will include a description of bothmodels, a brief listing of major assumptions and
operating criteria of the models, and a description of the locations of reported data from the
models.

3.2.1 Operation Studies                                        ’
Monthly operational studies of the. sWP and the CVP systems were performed with

DWR’s statewide water simulation model (DWRSIM) to evaluate the changes to SWP
operation as a result of the ISDP. DWRSIM simulates operation of CVP/SWP system
reservoirs and conveyance facilities. It operates to meet various operation objectives for
purposes of water supply, instream flow objectives, flood control and recreation
objectives, as well as various physical; institutional, and legal constraints.

These water supply studies accrunt for~ the total availability, storage, release, and use of
water in the Sacramento and San Joaquin river systems, the Delta, and the aqueduct

systems out of the Delta. These studies represent a superimposition of existing and future
water demands and development on the historical water supply for the 71-year period from
water years 1922 through 1992. DWRSIM uses a monthly time step, and thus the
operation studies provide monthly average data on reservoir storage and releases, and Delta
inflows, exports, and outflows. The model optimizes this water supply system to provide
the maximum water export from the Delta syst.em’allowed by regulatory constraints, up to

the total Water demand.

Three water supply operation studies were simulated assuming an existing (1995) level of

demand. This is a variable demand from 2.2 to 3.6 MAF that changes depending on the
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hydrologic conditions in the years prior to the current year. The first study is a base case
to be used for the existing demand no-action alternative. The second study is to be used
for the preferred alternative. The third study is to be used for the Fisheries Alternative.

The base study (study 420.F)~ assumed existing facilities without other south Delta
improvements, thus limiting SWP allowable diversion capacity to 6,680 cfs (7,300 cfs in

some winter months if there is sufficient San Joaquin River flow at Vernalis). The second
study (study 413.F) assumed south Delta facilities to allow a maximum SWP diversion at
Banks Pumping Plant of 10,300 cfs. The third study (study 45;4.F) assumed the Fisheries
Alternative components which would also allow a maximum SWP diversion at Banks
Pumping Plant of 10,300 cfs.

Three additional water supply operation studies were simulated assuming a future (2020)

fixed level of demand of 4.1 MAF. Each water year thedemand will be 4.1 MAF

regardless of the previous or current water year type. The first, study is a base case to be
used for the future demand, no-action alternative. The second study is to be used for the
preferred alternative. The third study is to be used for the Fisheries Alternative. The base
study (study 411.F) assumed existing facilities without other south Delta improvements,
thus limiting SWP allowable diversion capacity to 6,680 cfs (7,300 cfs in some winter
months if there is sufficient SanJoaquin River flow ~at Vernalis). The second study (study

414.F) assumed south Delta facilities to allow a maximum SWP diversion at Banks
Pumping Plant of 10,300 cfs. The third study (study 455.F) assumed the Fisheries
Alternative components which would also allow a maximum SWP diversion at Banks

Pumping Plant of 10,300 cfs.

The six studies operated SWP facilities in accordance with the December 15; 1994 Bay
Delta Accord, the Coordinated Operation Agreement; and agreements and contracts with
local Delta interests. The operation studies used delivery-carryover storage relationships
that were designed to simulate the concept ,nd philosophy of criteria adopted by DWR’s
Division of Operation and Maintenance in 1987. The monthly Delta inflows, exports, and
outflows simulated with ~these operation studies provided the hydrologic conditions for the
subsequent Delta studies conducted in support of the ISDP.
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The operation studies prov.ided data to analyze the amount of change resulting from the
ISDP alternative actions. To determine how the ISDP may affect the operation of the

SWP, these operation study data for the alternative actions were compared with the no-
action alternatives. In general, the data for the no-action alternatives is discussed first, and
a percentage change relative to the analyses of the no-action alternatives follows~. The
mathematical modeling data are not intended to provide absolute predictions of future
conditions; rather, it is meant to be used as atool to compare conditions under various
alternative actions. The absolute data for the no-action alternatives are provided only as a
reference for the comparative analyses. The parameters analyzed are (1) Shasta Lake
storage, (2) Lake Oroville storage, (3) San Luis Reservoir storage, (4) total .pumping at
Harvey O. Banks Delta Pumping Plant, (5) total pumping at Tracy Pumping Plant, (6)

Qwest, (7) San Joaquin River at Vemalis flow, (8) Sacramento River at Freeport flow, (9)
Feather River flow, (10) total inflow to the Delta, (11) total outflow from the Delta, (12)
X2 position, and (13) Delta export ratio. The hydrodynamic analyses are discussed later in

this chapter.

3.2.2 Delta Modeling Studies

Mathematic.al model studies of flows and salinity in the Sacramento-San Joaquin Delta were
conducted in support of this EIR/EIS. DWRDSM, an enhanced version of the Fisher Delta
,Model, was used to simulate hydrology and conservative constituent transport, to evaluate
the performance of existing and]or future facilities in view of diverse hydrologic conditions

and criteria. Witlain DWRDSM there modules, DWRFLO andoperation two

DWRSAL. DWRFLO, a modified version of DELFLO, simulates Delta flows, velocities,
and stages based on principles of momentum, continuity, and energy. DWRSAL, a

modified version of DELSAL, simulates Delta conservative constituents through mass
balance with a direction, dispersion, source, and sink relation. This chapter discusses the
results from.DWRFLO and changes in hydrodynamics. I’he water quality chapter, Chapter
4, discusses the results from DWRSAL and the changes in water quality.

!
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The DWRFLO module was selected to simulate the water surface elevations and
flow/velocity patterns in the Delta. The Delta as characterized by the model is bounded by

the communities of Sacramento on the North, Vernalis on the south, and Martinez on the
west. The model .includes approximately 400 nodes, 500 channels, and 13 open reservoirs
or lakes..Figure A3-2 shows a network representation of the Sacramento-San Joaquin
Delta as used in DWRDSM. The following attributes 0f this model are of particular

¯ DWRDSM uses the most current descriptions of Delta channel bathymetry;
¯ Timed operations of forebay gates are simulated;
¯ Existing and proposed hydraulic structures, such as flow control barriers, the Delta.
Cross Channel, and intake culverts to Tom Paine Slough are simulated; and
¯ The most current descriptions of diversion and drainage return flows in the Delta, both
in magnitude and .spatial distribution; are used.

DWRDSM is a one-dimensional model that simulates changes in water le~cels, flows, and
velocities on a 60-second time step (changes in salinities are calculated on a 5-minute time
step); To generate the information needed to evaluate the environmental impacts, a number
of decisions had to be made. These included (1) selecting and preparing an appropriate tide
and a wide range of Delta net channel depletions and hydrologic conditions, (2) evaluating
the mean monthly hydrodynamic responses of the no-action and alternative configurations,
and (3) evaluating the mean tidal daily salinity responses of the alternatives with DWRSAL.
For additional information on Delta modeling and the a~sumptions incorporated in the
modeling studies, contact DWR’s Hearing Support and South Delta Management Section
Chief, Stephen Roberts at (916) 653-2118.

Monthly average Delta hydrodynamic conditions were simulated by running the DWRFLO
model for one tidal cycle (25 hours) for each month. This was considered reasonable for
the evaluation and comparison of various alternatives based on monil~l, average minimum
water levels, monthly net flow, and net velocity patterns in the. Delta. The 19-year mean,
25-hour tide at Martinez/Benicia was used to simulate mean monthly conditions (boundary

tide). The boundary salinity, daily average salinity at Eckly in .Carquinez Strait, was
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generated by SALDIF. This model predicts the salinity at Benicia given the Net Delta
Outflow Index. Estimates of monthly internal delta channel diversions and drainage returns
are based on the DWR Delta island consumptive use study (1987). These flows were

allocated to appropriate nodes and then are varied monthly.

Delta hydrology data were derived from the statewide operation model (DWRSIM) studies
discussed in the section 3.2.1 - Operation Studies. These studies provided monthly Delta
inflows, exports, net over a 71-year period.. Delta hydrology wasand Delta outflOWS

changed once per month to evaluate and compare various alternative configurations. Five
different water year types were selected from each operation study to represent each of the

five water year types defined in the May 1995 Water Quality Control Plan for the San
Francisco Bay/Sacramento-San Joaquin Delta Estuary by the State Water Resources
Control Board. This water year classification, known as 40-30-30 water year
classification, is based on channel hydrology in the Sacramento Valley (Table A3-1). Since
most precipitation occurs in the winter, the water year begins in October of the previous
calendar year and ends in the September of the stated water year. The five representative

selected consultation with DWR and the of Fish andwateryearswere by Dep .artment
Game. They are: 1991 as the representative critical year, 1981 as the representative dry
year, 1966 as the representative below normal year, 1957 as the representative above
normal year, and 1982 as the representative wet year. The Delta hydrologies defined for
these water years represent the historic hydrology adjusted to a future level of water
demand and development. Thus, the results from the modeiing do not represent what

occurred historically, but rather show how the Delta system would react to various

hydrologies given existing.and future SWP facilities. By selecting the five representative
water years, a range of the magnitude of change as a result of the ISDP can be displayed.
The model was not used to determine how the would react in a particular watersystem year
type, but-to bracket the varying hydrologiesresulting from these different wat~ryear types.

Mathematical modeling of water levels, flows, and velocities in the Delta channels has
greatly aided water resources planning for the Delta. However, some care is required when
i.nterpreting the results of such modeling. The mathematical modeling conducted to aidin
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I                                  Table A3-1                        .
40-30-30 Water Year Classification

~ r Sacramento Valley Hydrology=

Year Classification is based on the INDEX value, which is determined by:

I INDEX 0.4X + 0.3Y 0.3Z+

where:

I X = Current year’s April - July Sacramento Valley unimpaired runoff
Y = Current October - March Sacramento Valley unimpaired runoff
Z = PrevioUs year’s index1

I
Year Classification2 Index [Millions of Acre-Feet, MAF]

I Wet Equal to or greater than 9.2

Above Normal Greater than 7.8 and less than 9.2

i Below Normal Equal to or less than 7.8 and greater than 6.5

Dry Equal to or less than 6.5 and greater than 5.4

i Critical             I Equal to or less than 5.4

Reference: Water Quafity Control Plan for the San Francisco Bay/Sacramento-San Joaquin

~ I
Delta Estuary, May 1995, Page 23. State Water Resources Control Board

!
1A cap of 10.0 MAF is put on the Previous Year’s Index (Z) to account for required flood! ¯

control reservoir releases during wet years. ’

2The year type [classification] for the preceding water year will remain in effect until

I the initial forecast of unimpaired runoff for the current water year is available.

C--087361
C-087361



the evaluation of potential environmental impacts as a result of the ISDP was generally not
intended to provide absolute predictions Of future Delta hydrodynamic and salinity

conditions. Results of mathematical modeling Of Delta conditions uni:ler various alternative
actions planned are often interpreted in terms of directionand relative magnitude of changes
in such variables as water levels and salinities. For this reason, the analysis of how the
ISDP may affect Delta water levels, flows, velocities, and salinities was based primarily on
how the values of these parameters changed under the preferred alternative and the
Fisheries Alternative with respect to the base no-action alternative. Much of the Delta
modeling results in this chapter and in the water quality chapter are therefore provided in
terms of change or improvements when compared to the no-action altemative. ’

The hydrodynamic modeling results are displayed at the end of this section. Since the
model incorporates the requirements of the December 1994 Bay-Delta Accord, the preferred
alternative and the Fisheries Alternative were operated to meet these regulatory constraints.

Therefore, although a change in hydrodynamics may occur, these regulatory constraints
will continue to be met, and the ISDP willnot have a significant impact on the environment
related to hydrodynamics. Thus, only the changes in hydrodynamics will be discussed in
this chapter. In general, the data for the no-action alternatives is discussed first, and a
percentage change relative to the no-action alternatives analysis follows. Since the

mathematical modeling data are not intended to provide absolute predictions of future
conditions, the absolute data for the no-action alternatives are provided only as a reference
for the comparative dnalyses.

The parameters analyzed are minimum water surface elevations, monthly average flow, and
maximum and minimum velocities. The minimum water surface elevation was chosen to
demonstrate the operation of the barriers and the improvement in water levels. By design,
the barriers will hold water for a !onger.period of time during the low-low portion of the
tide with little change in the maximum water levels. Therefore, the discussion focuses on
the ~hange in minimum water levels. Since the tidal influence often causes many Delta
channels to flow in both upstream and downstream directions, the average flow is

discussed. The threshold of concern for velocity is three feet per .second. It has been
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determined that velocities above three feet per second have the potential of causing channel
scour. Tidal and reverse flows can create potential scour in both the downstream and the
upstream directions. The model interprets a positive flow or velocity as moving in the
downstream direction, and likewise a negative flow or velocity as moving in the upstream
direction. Since upstream and downstream velocities above three feet per second have the
potential of causing scour, both the .maximum positive and negative velocities, are
discussed. Nineteen locations in the southern and central Delta (Figure A3-3) were selected
to determine th.e changes resulting from the various alternative actions.

I 3.3 Evaluation of Alternatives

The foliowing section discusses the changes in hydrodynamics as a result the proposedof
project and other alternative actions. Although direct changes to hydrodynamics may be
slight, subtle changes in water quality and the hydrodynamics in thecan triggerDel!a
impacts to fish, wildlife, and other biotic resources. For this reason, the discussion of

hydrodynamic .change illustrates the magnitude and timing of chaiages. Further
interpretation of these effects is discussed in the appropriate chapter for each resource
category affected by hydrodynamics or water quality.

This section begins with a discussion of the no-action alternatives at both the existing and
future levels of SWP demand. Data from DWRSIM is first discussed, followed by a
discussion of in-Delta changes. The absolute data for the no-action alternatives are
provided only as a reference for the comparative analyses with the preferred alternative and
other alternative actions. This is followed by the comparative analyses of the preferred
alternative with the no-action alternative at both levels of SWP demand. Finally, the
Fisheries Alternative comparative analyses with the no-action alternative at both levels of
SWP demand is presented.

3.3.1 No Action (Maintain Existing Conditions)

I
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This alternative differs from the preferred alternative by maintaining conditions as they exist

at present. In addition, this alternative maintains curre.nt pumping constraints and does not
require construction of barriers or dredging within the south Delta.¯ Mathematical
simulations of water project operations and the Delta environment were made to augment
the description of theexisting environment in evaluating the consequences of the no action
alternative. These simulation runs were used as a baseline in evaluating the impacts of the
ISDP (Existing Demand Case Study). Both statewide operation study and Delta modeling

results are discussed in the following text. Since the mathematical modeling data are not
intended to provide absolute predictions of future conditions, the absolute data for the no-
action alternatives-are provided only as a reference for the comparative analyseg.

3.3.1.1 StatewideOperation Study Output

Monthly operational studies of the SWP and the CVP systems were performed with
DWR’s statewide water simulation model (DWRSIM) to evaluate the changes on SWP
operation as a result of the ISDP. These studies are described in section 3.2.1. Within this
sectionthe modeling output for the .existing demand base case is displayed.

Reservoir Storage

A3-4 depicts the monthly average storage of Shasta Lake (a CVP reservoir), LakeFigure
Oroville, and the SWP portion of San Luis Reservoir for the 71-year historic hydrology.

Typically, these’reservoirs fill in the winter’and releases are made in spring, summer, and
fall to augment inflow to the Delta for export. Maximum storage occurs during the late

winter to early spring. Shasta Lake average storage ranges from 2.8 million acre-feet
(MAF) in October and November to above 4.0 MAF during April and May. Lake Oroville
average storage ranges ti’om 2.2 MAF in September, October, and November to above 3.0
MAF during May. The SWP portion of San Luis Reservoir average storage ranges from
0.3 MAF in August, September, October, and November to 0.9 MAF during March,

Shasta Lake and Lake Oroville facilities provide both.flood control and additional flows for

!
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deliveries. Since San Luis Reservoir is downstream of the Deltaexport pumps, the SWP
portion.of San Luis Reservoir increases as pumping increases during high flows in the
winter.

Flows Downstream of Reservoirs

Reservoir releases provide downstream flows throughout the year and augment low
summer .flows. Without these releases the downstream flows would be almost
nonexistent. The monthly av.erage seasonal pattern of flows for the 71-year historical
hydrology is shown in Figure A3-5 for the San Joaquin River at Vernalis, Sacramento
River at Freeport, and the Feather River below Lake Oroville.. Typically, these flows
increase as precipitation, runoff, and releases increase during winter and early spring.
Throughout the summer the reservoir releases provide sustained flows for fishery and

and to meet Delta standards. The monthly San Joaquin River atexportpurposes average
Vernalis flows range from.approximately 1,500 cubic feet per second (cfs) in August to
more than 5,200 cfs in April. Sacramento River at Freeport flows range from about
12,000 cfs in September to almost 40,000 cfs in February. Feather River flows, which
.contribute to the Sacramento River flows, range from 1,600 cfs in September to over 6,600

cfs in March. Feather River flows increase from April through July due to releases from
Lake Oroville for fishery purposes.

Delta Exports

Delta exports affect Delta outflows and within-Delta flows throughout the Delta. Typically,
exports are highest during high flow conditions. Generally, exports increase in the winter
and decrease in the spring and summer to protect fish during the lower flow conditions.
From February through June, the_ combined export rate of the inflow, at Clifton Court

Forebay and pumping at Tracy.Pump!ng Plant is limited to 35 percent of Delta inflow and
from July. through January the combined export is limited to a maximum of 65 percent of

Delta inflow. From April 15 through May 15 the combined export rate is further limited to
1,500 cfs or 100 percent of the 3-day running average of San Joaquin River flow at
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Vernalis, whichever is greater. The monthly average exports for the 71-year historical
hydrology is shown in Figure A3-6 for pumping at Banks Pumping Plant and at Tracy
Pumping Plant. Also shown on the figure is the Delta Export Ratio; the percentage of the
Delta Inflow that is exported from the Delta. Exports at Banks Pumping Plant range froma

¯ monthly average minimum of 2,600 cfs during August to a monthly average maximum of
over 6,000 cfs during January. As shown, ~du.dng the winter months exports increase due
to higher Delta inflows, and during the spring the exports decrease as inflow to the Delta

decreases. Banks Pumping Plant exports are further limited during April and May to meet

the more restrictive constraints. These exports during April and May average between
2,800 and 2,900 cfs over the 71-year record. At Tracy Pumping Plant exports follow a
similar pattern. However, due to limited capacity, the Tracy Pumping Plant exports are not

increased during the winter months. The Delta Export Ratio, the ratio of Delta exports to
total Delta inflow, is highest during Sep~mber and October at 0.52 and falls to 0.23 during
the month 0f April. Generally, combined pumping is most restricted by the Delta Export

Ratio from February through June. This is especially true during dry and critical years
when inflows are lower.

Delta Inflow and Outflow
Delta inflow and outflow follow the typical pattern of California hydrology. Both inflow
and Outflow peak during the winter months and decrease during the summer and fall
(Figure A3-7). These plots are similar to the reservoir storage presented earlier. The
inflow and outflow are augmented by reservoir releases throughout the summer and fall.
Monthly average Delta inflow for the 71-.year historical hydrology peaks at over 59,000 efs
during February and decreases tO approximately 15,000 cfs ’during the months of August
and September. Monthly average Delta outflow for the 71-year historical hydrology
follows a similar pattern, peaking at over 48,000 cfs during February and decreasing to just
over 5,000 cfs during August and September. X2 position, which is related to Delta
inflow, outflow, and exports, ranges from 85 kilo meters during the low Outflow period of

September to 66 kilometers during the high outflow months of February and March.
QWEST, the measurement of San Joaquin River reverse flows and related to Delta inflow,
outflow, and exports, ranges from 5,000 cfs during February to approximately -1,400 cfs
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during the months of November and July. This pattern is similar to those of Delta inflow
and outflow.

3.3.1.2 Delta Modeling Study Output

Monthly average Delta hydrodynamic studies of the existing demand base case were
performed with DWR’s Delta Simulation Model (DWRDSM) tO evaluate the changes to
within Delta flows, water levels, and velocities as a result of the ISDP. These studies are
described in section 3.2.2. Within this section the ~modeli.ng output for the existing demand
base case is discussed. Average flow, minimum water surface elevations, and minimum
and maximum velocities at nineteen locations throughout the central and southern Delta are
displayed by water-year type.

Representative Critical Year
Table A3-2 shows the average flow, minimum watersurface elevations, and minimum and
maximum velocities for the representative critical year. Throughout the representative
critical year, flows within the Delta are low. In the central Delta and along Old River,

reverse flows (shown as negative flows) are prevalent due to the exports in the southern
Delta. The closer to the exports pumps, the greater these reverse flowsbecome. The

reverse flows also increase during months of high exports, such as January, February, and
March, or during high exports and low inflow conditions, such as July. Middle River
reverses throughout the time period shown. This reversing action creates a null zone in this
reach during February. and April through the end of the summer. A null zone also exists
along the San Joaquin Riyer during the month of February and in Old River upstream of
Clifton Court Forebay during the month of July and during the summer. The San Joaquin
River, between the city of Stockton and the head of Old River, reverses flow from January
through March, and from July and through the summer due to low inflow conditions.

Throughout the southern Delta the minimum water surface elevations decrease during the
irrigation season and into the summer. As shown, the months of June and July typically
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have the lowest water surface elevation. Velo~iiies throughout the central and southern
Delta remain below the three feet per second (fps) threshold that would cause scour. The
highest velocities of 2.6 to -2.2 fps occur in Old River .downstream of Clifton Court

Forebay. Typically, velocities are approximately 1.5 fps or below at other locations.

Representative Dry Year
The average flow, minimum water surface elevations, and minimum and maximum
velocities for the ~ representative dry year are displayed in Table A3-3. The flow patterns
throughout the central and southern Delta follow the same pattern as the critical year.
Reverse flows are prevalent along the path from the central Delta to the export facilities. A
null zone is created in Middle River during May, June, July, and through the summer.

Flows along Old River just upstream of Clifton Cou1~ ForebaY are low, approximately 50
cfs during June and July. Most of the San Joaquin River is diverted down Old River from
May and into the summer. During July and through the summer, the San Joaquin River
reverses near the city Of Stockton.~

Minimum water surface elevations and velocities follow the same pattern as that seen
during the representative critical year. Minimum water surface elevations range 1.3 to 1.8
feet close to Clifton Court Forebay, and 1.5 to 3.4 feet at Other locations in the southern

Delta. Velocities are generallybelow 1.5 fps throughout the central and southern Delta.

Representative Below Normal Year
Table A3-4 shows the average flow, minimum water surface elevations, and minimum and

maximum velocities for the representative below normal year. The flow patterns
throughout the central and southern Delta follow the same pattern as the critical year.
Reverse flows are prevalent along the path from the central Delta to the export facilities. A

null zone is created in Middle River during March, May, June, .July, and through the
summer. Flows along Old River just upstream of Clifton Court F~rebay are low,

approximately 50 cfs during June and July. Most of the San Joaquin River is diverted
down Old River from May through the summer. During July and through the summer, the
San Joaquin River reverses near the city of Stockton.

!
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Minimum water surface elevations and velocities follow the same pattern as those seen
during the representative critical year. Minimum water surface elevations range 1.5 to 1.8
feet close to Clifton Court Forebay, and 1.5 to 3.0 feet at other locations in the southern

i Delta. The highest velocities of -2.5 and 2.0 fps occur in Old River downstream of Clifton
Court Forebay and. in Old River just downstream of the head Old River,
respectively.Velocities are generally below 1.5 fps throughout the central and southern
Delta.

Representative Above Normal Year
Table A3-5 shows the average flow, minimum water surface elevations, and minimum and
maximum velocities for the representative above normal year. During the representative
above normal year, flows within the Delta are generally higher but follow the same pattern
as that seen in the critical year. In the central Delta and along Old River, reverse flows exist
but typically occur less often or are lower due to higher inflows. The closer to the export
pumps, the greater these reverse flOWS become.. The reverse flows also increase during
months of high exports, such as January and February, or during high exports and low
inflow conditic~ns, such as July.. Middle River continues to reverses during January,
March; June and through the summer. This reversing action creates a null zone in this

reach during March, June and throughout the summer. The San Joaquin River, between
the city of Stockton and the head of Old River, reverses flow during June and through the
summer due to low inflow conditions. From June through the summer, the majority of the

San Joaquin River flow.is dive~ed down Old River.

Throughout the southern Delta the minimum water surface elevations decrease during the
irrigation season and into the summer. As shown, the months of June and July typically
have the lowest water surface elevation. Velocities throughout the central and southern
Delta remain below the three feet per second (fps) threshold. The highest velocities o~-.2.6
and 2.1 fps occur in Old River downstream of Clifton Court Forebay and in Old River just
downstream of the head Old River, respectively. Typically, velocities are approximately
1.5 fps or below at other locations.
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Representative Wet Year
Table A3-6 shows the average flow, minimum water surface elevations, and minimum and
maximum velocities for the representative wet year. Flows throughout the central and
southern Delta increase as a result of higher inflows. The reverse flows that commonly
occurred in the representative critical year occur less frequently. Most channels in the
southern Delta have positive downstream flow. Null zones are less prevalent, but still
occur in Middle River during July and the summer. A positive downstream San Joaquin
River flow also occurs at the city of Stockton.

Water surface elevations throughout the Delta are higher than those of the drier water years.
Minimum water surface elevations range from 1.5 to 4.2 feet close to Clifton Court
Forebay, and 1.6 to 12.6 feet at other locations in the southern Delta. Typically, these

minimum water surface elevations are much higher than those of the drier years.
Velocities are typically less than 1.5 fps, but are greatest on Old River near Clifton Court
Forebay and jut downstream of the head of Old River. Velocities greater than three fps

occur on Old River downstream of the head of Old River.

3.3.2 No Action Future (Maintain conditions as they wouldexist in the future)

This no-action, future case alternative involves conditions, policies, laws, ordinances,

rules, regialations, program~ antl projects that exist or would likely be developed in the
absence of the ISDP, leading to a deter, mination of the likelihood that California’s future
wa~er requirements would be met without the ISDP. Implementation of this alternative
would not accomplish the project objectives of improved water levels and circulation in the

south Delta for local agricultural diversions. Improved hydrologic conditions that allow for
increase of diversion into the Clifton Court Forebay to allow full pumping capacity would
not be developed.

m
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This alternative differs from the no-action, existing demand alternative by assuming SWP
demand would be increased to the full entitlement of 4.1 MAF. This alternative maintains
current pumping constraints and does not require construction of barriers or dredging
within the south Delta. Mathematical simulations of water project operations and the Delta
environment were made to augment the description of the existing environment in
evaluating the consequences of the no-action alternative. These simulation runs were used
as a baseline in evaluating the impacts of the ISDP (Future Demand Case Study). Both
statewide operation and Delta modeling results are discussed in the following text. Since

the .mathematical modeling data are not intended to provide.absolute predictions of future
conditions, the absolute data for the no-action alternatives are PrOvided only as a reference
for the comparative analyses.

3:3.2.1 Statewide Operation Study Ouq)ut

Monthly operational studies of the SWP and the CVP systems were performed with
DWR’s statewide water simulation model (DWRSIM).to evaluate the changes on SWP
operation as a result of the ISDP. These studies are described in section 3.2.1. Within this
section the modeling output for the future demand base case is displayed.

Reservoir Storage

Figure A3-8 depicts the monthly average storage of Shasta Lake (a CVP reservoir), Lake
Oroville, and tl~e SWP portion of San Luis Reservoir for the 71-year historical hydrology.
Typically, these reservoirs fill in the winter, and releases are made in spring, summer, and

to augment to the Delta for export purposes, reservoirs follow samefall inflow The the fill
and release pattern as that shown in the existing demand base case study. Monthly average
Lake Shasta storage ranges from 2.7 MAF in November to over 4.0 MAF in April and
May. Storage at Lake Oroville averages from slightly below 2.0 MAF from August
through October to nearly3.0 MAF in May. The SwP portion of San Luis Reservoir

storage ranges from 0.3 MAF in September and October to 0.9 MAF in March. Typically,
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the SWP portion of San Luis Reservoir is slightly higher than that of the existing demand
base case study. This is due to slightly higher exports in the future demand base case
studies.

Flows Downstream of Reservoirs

The monthly average seasonal pattern of flows for the 71-year historical hydrology is
shown in Figure A3-9 for the San Joaquin River at Vernalis, the Sacramento River at
Freeport, and the Feather River below Lake Oroville. These flow patterns follow the same
trends as those found in the existing demand base case study. Typically, these flows
increase as precipitation, runoff, and releases increase during winter and early spring.
Throughout the summer ~the reservoir releases provide sustained flows for fishery and
export purposes and to meet Delta standards. The monthly average SanJoaquin River at
Vernalis flows range from approximately 1,500 cubic feet per second (cfs) in August to
more than 5,200 cfs in April. Sacramento River at Freeport flows range from about

12,000 cfs in September to almost 38,000 cfs in Febru.ary. Feather River flows, which
contribute to the Sacramento River flows, range from i,200 cfs in September to over 6,900
cfs in July. Feather River flows increase from April through July due to rele~ses from

Lake Oroville for fishery purposes. The monthly average F~ather River flows for May,
June, and July are significantly increased over the existing demand base case study to meet
increased export demands.

Delta Exports

Delta exports affect Delta outflows and within-Delta flows throughout the Delta. Typically,
exports are highest during high flow conditions. Generally, exports increase in the winter

and decrease in the spring and .summer to protect fish during the lower flow conditions.
The monthly average exports for the 71-year historical hydrology is shown in Figure A3-

10 for pumping at Banks Pumping Plant and at the Tracy Pumping Plant. Also shown on

the figure is the Delta Export Ratio, the~percentage of the Delta Inflow that is exported from
the Delta. Exports at Banks Pumping Plant range from a monthly average minimum of
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2,900 cfs during ,May to approximately 7,000 cfs during December and January. As
shown, Banks Pumping Plant exports are limited during April and May to meet the more
restrictive pumping constraints. These exports during April and May average between

2,900 and 3,100 cfs over the 71-year record. At Tracy Pumping Plant exports follow a
similar pattern. However, due to limited capacity, the exports are not increased during the

winter months. The Delta Export Ratio is h~ighest during October at 0.53 and falls to 0.23,
during the month of April. Generally, combined pumping is most restricted by the Delta
Export Ratio from February through June. This is especially true during dry and critical
years when inflows are lower.

Delta Inflow and Outflow.

Delta inflow and outflow follow the typical pattern of California hydrology. Both inflow

and outflow peak during the winter months and decre.ase during the summer and fall
(Figure A3-11). These plots are similar to.the reservoir storage presented earlier. The
inflow and outflow are augmented by reservoir releases.throughout the summer and fall.
Monthly average Delta inflow for the 71-year historical hydrology peaks at 56,000 cfs
during February and decreases to approximately 14,000 cfs during September. Monthly
average Delta outflow for the 71-year historical hydrology follows a similar pattern,
peaking at over 47,000 cfs during February and decreasing to just over 5,000 cfs during
September. X2 position, which is related to Delta inflow, outflow, and exports, ranges
from 85 kilometers during the low outflow period of September to 66 kilometers during the
high outflow month of March..QWEST, also related to Delta inflow, outflow, and

exports, ranges from 4,600 cfs during February to approximately -2,500 cfs during July.
This pattern is similar to those of Delta inflow and outflow.

3.3.2.2 Delta Modeling Study Output

Monthly average Delta hydrodynamic studies of the future demand base case were

performed with DWR’s Delta Simulation Model (DWRDSM) to evaluate the changes to
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within Delta flows, water levels, and velocities as a Jesuit of the ISDP. These studies are
described in section 3.2.2. Within this section the modeling output for the future demand
base case is discussed. Average flow, minimum water surface elevations, and minimum
and maximum velocities at nineteen locations throughout the central and southern Delta are
displayed by water year type.

Rep~Zesentative Critical Year
Table A3-7 shows the monthly average flow, minimum water surface elevations, and

minimum and maximum velocities for the representative critical year. Throughout the
representative critical year, flows within the Delta are low. Minimum water surface

elevations and velocities for the representative critical year are only slightly different than
those listed in the existing demand base case study within section 3.3.1.2. However, as a
result of the increased demand and increased pumping, reverse flows are more frequent and
of a higher magnitude. Middle River always reverses and creates a null zone most months.
The San Joaquin River between the city of Stockton and the head of Old River reverses
January through March and through the summer.

Other Representative Year Types
The average flow, minimum water surface elevations, and minimum and maximum
velocities for the representative dry, below normal, above normal, and wet year are
displayed in Tables A3-8 through A3-11. The flow patterns throughout the central and

southern Delta follow the same pattern as those of the existing demand base case. Reverse
flows are prevalent along the ~path from the central Delta to the export facilities. Middle
River commonly reverses ’and creates null zones from March through the summer. Flows
along Old River just upstream of Clifton Court Forebay aretypically low, during June and
July. Most of the San Joaquin River flow is diverted down Old River from May and into

the summer. During July and through the summer, the San Joaquin River often reverses
near the city of Stockton. Flows typically become more positive with. the higher Delta

inflow in the wetter year types.
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Minimum water surface elevations and velocities follow the same patterns as those seen. in
the existing demand base case. The magnitude of the minimum water surface elevations
and the velocities for ~he representative critical year are only slightl~ different than those
listed in the existing’demand base casestudy within section 3.3.1.2. Minimum water
surface elevations range from 1.4 to above 4.2 feet close to Clifton Court Forebay, and 1.5

to 3.4 feet at other locations in the southern Delta. Velocities are generally below 1.5 fps
throughout the central and southem Delta. The two areas of greatest concern are Old River
just downstream of Clifton Court Forebay and just downstream of the head of Old River.
Velocities in Old River just downstream of Clifton Court Forebay can approach 2.5 fps in
January through March, but remain below tl~e three fps threshold. Velocities in Old River

just downstream of the head of Old River increase in April and May and as the Delta
inflows increase with the wetter water year types. Velocities in this channel are typically

below 2.5 .fps, but can exceed ~the three fps threshold during the representative wet year.
From March through June Of the representative wet year, velocities have the potential of

exceeding 3.0 fps.

3.3.3 Interim South Delta Program, Existing Demand

This section describes the changes in hydrodynamics .resulting from the implementation of
the proposed ISDP operating under the current demand of the SWP. The prefei:red
alternative includes (1) the construction and operation of a new intake structure at theSWP
Clifton Court Forebay, (2) channel dredging along Old River just north of Clifton Court
Forebay, (3) the construction and of barrier seasonally in both the spring andoperation a

fall to improve fishery conditions for salmon migrating along the San Joaquin River, (4)
the construction and operation of three flow control structures to improve existing water

level and circulation patterns for agricultural users in the south Delta, and (5) increasing the
allowable exports from Harvey O. Banks Delta Pumping Plant to a maximum of 10,300

cfs.
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Mathematical simulations of water project operations and the Delta environment with the
proposed project were made to augment the description of the Changes resulting from the
proposed action. Since the mathematical modeling data is not intended to provide absolute
predictions of future conditions, the results of these simulations were compared to the no-
action, existing demand base case study and the incremental ~hanges resulting from the

proposed action were presented. Al.though the magnitude of the changes resulting from the
ISDP may, at times, appear large or significant, the operation of the SWP facilities was
modeled to meet all existing regulatory constraints. No attempt was made to optimize the
operation of the components of the ISDP, but rather to make the operation consistent for
comparison purposes.                     ¯

With the ISDP, flows, and water surface elevations in the south Delta would be changed as

a result of barrier operation and timing of exports. As modeled, the timing of operation of
each barrier ~;aries from month to month over the course of a water year (Figure A3-12).
Water surface elevations and circulation patterns are improved upstream of the barriers by
tidal pumping. Tidal pumping allows upstream flow during the flood tide and blocks

downstream flow during the ebb tide. This operation retains flood tide flows in south Delta
channels to raise minimum water levels. As modeled, the Grant Line Canal Barrier was
operated to open for a portion of the ebb tide to increase circulation by providing a
downstream outlet. The increase in water levels routes the San Joaquin River downstream
toward the central Delta, rather then through the south Delta towards the export pumps.

Both statewide operation and Delta modeling results are discussed in the following text.

3.3.3.1 Statewide Operation Study Output

Monthly operational studies of the SWP and the CVP systems were performed with
D~WR~s statewide water Simulation model (DWRSIM) to evaluate the changes on SWP
operatio~ as a result of the ISDP. These studies are described in section 3.2.1. This

section compares the modeling output of the iSDP, existing demand case with the no-

action, existing demand base case. The percentage difference over base is shown to
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provide a relative scale of the magnitude of change. However, some parameters such as
QWEST have small values and a slight increase or decrease could result in a large
percentage difference. The no-action existing demand base case study data found in
Section 3.3.1.1 can be used as a reference to further determine the magnitude of change.

Reservoir Storage

Figure A3-12 depicts the percentage difference over the base case for the monthly average
storage of Shasta Lake (a CVP reservoir), Lake Oroville, and the SWP portion of San Luis
Reservoir for the 71-year historical hydrology. Since Shasta Lake is part of the CVP and is
operated to meet the demands of the CVP, the CVP operation was frozen to prevent
changes in the CVP operation and to illustrate the changes as a result of the ISDP facilities
on SWP facilities. This is depicted in Figure XX by a 0.0 percent change between base
and project cases. Lake Oroville monthly average storage over the 71-year record also does
not change significantly. These changes equate to increases and decreases of less than 1
percent, However, since the ISDP will increase SWP exports from the Delta, the SWP

portion of San Luis Reservoir, located downstream of the exports, will increase throughout
the year. The greatest increases in monthly average storage occur in the fall and early
winter, peaking at ~an increase of 16 percent during the months of November and
December. Increases throughout the rest of the year remain a~ less than l0 percent.

Flows Downstream of Reservoirs

The monthly percentage difference Over the base case of flows downstream of reservoirs
for the 71-year historical hydrology is shown in Figure A3-13. The San Joaquin River at
Vernalis, Sacramento River at Freeport, and the Feather River b~10w Lake Oroville flows

are depicted. Since San Joaquin River at Vernalis flows are dependent on upstream CVP
reservoir releases, tl-oey .do not change as a result of a frozen CVP operation. The Feather
River below Oroville and the Sacramento River at Freeport flows follow similar trends.
Feather River flows increase or decrease less than 5 percent except during August and

September. In August, Feather River flows decrease 10 percent and in September they
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decrease approximately 6 percent. Generally,~ this pattern occurs in Sacramento River at

Freeport flows, but to a smaller degree, 3 percent and 1 percent respectively. This decrease
is caused by a decrease in SWP exports during August, thus i’equidng smaller releases
from the upstream reservoirs.

Delta Exports

Effects of tile project alternative are most clearly represented in the operationof Harvey O.
Banks Delta Pumping Plank The project as defined increases exports in some months and
decreases exports in others. The percentage difference over the base case for monthly
average exports for the 71-year historical hydrology is shown in Figure.A3-14 for pumping
at .Banks Pumping Plant and at the Tracy Pumping Plant. Also shown on the figure is the
Delta Export Ratio, the percentag~ of the Delta Inflow that is exported from the Delta.

Exports at the Tracy Pumping Plant do not change, since CVP operations are frozen. As
shown, the greatestmonth!y average increase in Banks Pumping Plant exports are 12
percent, during October and .November. SWP exports decrease from January through
June. However, the largest monthly average decrease of 10 percent occurs in August.
This is further shown on the Delta export ratio plot. The Delta export ratio increase
correlates with the in.crease in pumping at SWP facilities from October through December.

From March through May and .in August the Delta export ratio is the controlling factor and

does not change between the base and the project cases. During all months increases and
decreases are below 5 percent.

Delta Inflow and Outflow

Delta inflow and outflow are changed as a result of the ISDP (Figure A3-15). Inflow is
closely related to the operation of Lake Oroville, and outflOW is related to amount and¯
timing of Delta exports. Genera,ly, impacts to Delta inflow are slight since this portion of
the swP is already operated to optimize exports. As shown, there is relatively no change
in Delta inflow, with the greatest change occurring in August at just over a 2 percent
decrease. However, Delta outflow past Chipps Island shows more of a decrease as a result
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of timing and increased export of water from the Delta associated with the project. The
months of September through November, which have the .greatest increase in SWP

pumping, show the largest decreases in Delta outflow. The largest decrease of 7 percent

occurs in September. Generally, Delta outflow shows a slight increase in January. and
February, then remains steady from March through August. Since Delta outflow remains

relatively unchanged, X2 position does not change significantly. The .only change occurs
in October and November with an increase in X2 position of just over 1 percent. QWE.ST,

also related to Delta inflow, .outflow, and exports, changes as a result of the proposed
project. The greatest negative changes in QWEST occur between October and January.
The .most dramatic changes are in October and December, 91 percent and 97 percent
respectively. These changes are large due to the low values of QWEST in the base study.
Any small change would represent a large percentage in. comparison with the base study.
From February through June the change in QWEST is typically small. The month of
Augu.st shows a 15 percent increase in positive QWEST flows, with a decrease of 31
percent in September.

3.3.3.2 Delta Modeling Stztd~" Ot~tpttt

Monthly average Delta hydrodynamic studies of the existing demand base case were
performed with DWR’s Delta Simulation Model (DWRDSM) to evaluate the changes to

within-Delta flows, water levels, and velocities as a result of the ISDP. These studies are
described in section 3.2.2. This section compares the modeling Output of the ISDP,

existing demand case with the no-action, existing demand base case.. The difference over
base is shown to provide a relative scale of the magnitude of change. The no-action,
existing demand base case study data in Section 3.3.1.2 can be used as a reference to

further determine the magnitude of change. Average flow, minimum water surface
elevations, and minimum and maximum ~;elocities at nineteen locations throughout the
central and southern Delta are displayed by water year type.

Representative Critical Year

A3-33

C--087380
(3-087380



Table A3-12 shows the difference between the existing demand project and base for
monthly average flow, minimum water surface elevations, and minlmum and maximum

velocities for the representative critical year. The proposed project increases monthly
average channel flows in some months and decreases channel flows in others. The barrier
operation and the shift in pumping affect the flow patterns in the southern Delta.

From January through March, the greatest changes in. flows occur in Old River just
downstream of Clifton Court Forebay. Old River reverse flows (7) increase by as much as
600 cfs during March a~ a result of a shift in pumping. Also, positive flows along Victoria
Canal (8) decrease by as much as 460 cfs. San Joaquin River flows downstream of the
head of Old River (17 and 18) increase by as much as 150 cfs inMarch, and flows into Old

River (15 and 16) decrease by the same amount. Middle River flows in the ~outh Delta (13
and 14) remain approximately the same, but during March become more positive by 250
cfs north of Woodward Canal (6).

From April through November, flows change dramatica!ly as a result of barrier operation.
As a result of the head of Old River barrier operation from April 15 through May, reverse
flows increase by approximately 600 cfs and by 400 cfs in Columbia Cut (2) and Turner
Cut (3), respectively. San Joaquin River flows downstream of the head of Old River (4,
17, and 18) do not reverse and increase by approximately 1,400 cfs. Likewise, Old River

flo, ws downstream of the head of Old River (15 and 16) decrease by the same amount.
Reverse ~flows downstream of Clifton Com-t Forebay (7) increase by approximately 1,000

cfs. Flow is directed upstream through the flow control barriers On Middle (13) and Old
River (10), and is prevented from flowing downstream. The change in flow for these two
rivers is 150 cfs and over 500 cfs, respectively. Even without a Grant Line barrier in
operation, positive flow in the channel (9) is reduced by’ over 700 cfs. Null zones in
Middle, Old, and San Joaquin rivers, which existed in the base case, no longer exist in tlie
project case.

¯ !Without the head of Old River barrier operating and the three flow control barriers
operating during June through September, the results follow a similar pattern. Reverse
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flows in Columbia and Turner Cut increase by approximately 190 cfs and 100 cfs,
respectivelyl San Joaquin River flow increases over 400 cfs downstream of the head of
Old River rather than being diverted down Old River. Reverse Old River flows
downstream of Clifton Court Forebay (7) increase 600 cfs in June and 900 cfs in July, but
decrease ,in comparison to the flows with the head of Old River barrier operating. With the
Grant Line barrier operating, flows in that channel (9) are reduced by 170 cfs in June and
150 cfs in July. Null zones no longer exist in Middle, Old, and San J0aquin rivers.

Minimum water surface elevations improve as a result of the operation of the barriers. The
most significant improvements are shown when the Grant Line barrier is operating. With
no barriers operating during Janum’y through March, there is no significant change between
base and project conditions.. When the Middle River and Old River near Tracy barriers are
operating during the first part of April, the only significant improvements in minimum
water surface elevation occur immediately upsu’eam of the barriers. Middle River minimum
water surface elevations improve by 2.3 feet immediately upstream of the barrier (13) and
1.6 feet further upstream (14), Immediately upstream of the Old River near Tracy barrier
(10) minimum water surface elevations improve by 1.3 feet and further upstream (12) by
0.8 feet. These improvements remain when the head of Old River barrier is operating
during the latter of April and in May. However, when this barrier is operating,part
minimum water surface elevations on Old River immediately downstream of the head of
Old River barrier (15 and 16) degrade by less than 1.0 feet.

The true benefit of the barriers is best depicted when the Grant Line Barrier and the other
two flow control barriers are operating during June and July and through the summer. As

a result of these three barriers operating, all minimum water surface elevations in the south
Deltaare improved throughout the irrigation season.. Middle River elevations (13 and 14)

increase by approximately 2 feet, Old River elevations just upstream of Clifton Court
Forebay (10 12) increase between 1.6 to 2.0 feet, Line Canal elevations (9 andand Grant
11) increase approximately 1.6 feet, and Old River elevations just downstream of the head
of Old River (15 and 16) increase between 1.4 and 1.6 feet.

!
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¯ Generally, velocities in the south Delta change very little as a result of the proposed project.

Typically, the change in velocity is less than 0.2 fps. The most significant change in
velocity occurs in the San Joaquin River downstream of the head of Old River barrier.
With the head of Old River barrier operating, San Joaquin River velocities can increase by
1.3 fps, but will remain less than the 3.0 fps threshold. Likewise, Old River velocities
decrease during the same time period. In the channels upstream of the barriers, the

velocities typically decrease, but the change is relatively minor.

Representative Dry Year .
Table A3-13 shows the difference between the existing demand project and base for
monthly average flow, minimum water Surface elevations, and minimum and maximum
velocities for the representative dry year. The change in these parameters in the
representative dry year are similar to those found in the representative critical year. The
barrier operation and the shift in pumping affect the flow patterns in the southern Delta. The
proposed project increases monthly average channel flows in some months and decreases

channel flows in others.

As shown in the represen’tative critical year, the head of Old River barrier affects the flows
in Old River and in the San Joaquin River. When the head of Old River is operating in the
latter part of April and in May, morn flow, 2,400 cfs and 1,900 cfs, continues down the
San.Joaquin River (17 and 18) rather than being diverted down Old River (15 and 16).
With the three flow control barriers operating in June, July and through September, a
hydraulic barrier is created at the head of Old River. San Joaquin River flow,
approximately 500 cfs, continues past the head of Old River (17 and 18). Again, the flow
into Old River (15 and 16) is reduced by the same amount. More flow reverses in
Columbia (2) and Turner Cut (3), and in Middle (6) and Old River (7). This increase over
the base conditions varies from 200 to 1,000 cfs in Columbia Cut, from 50 to 600 cfs in
Turner Cut, from 100 to 900 cfs in Middle River, and from 500 to 1,900 cfs i:l Old River.
This is a result of San Joaquin River flow bypassing the south Delta,lentering the central

Delta, and being drawn south to the export facilities. The null zones that existed in the base
case study no longer exist as a result of the proposed project operations.

!
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I
Minimum water surface elevations improve as a result of barrier.operation as was shown in

I the representative year. The and the Old River near Tracy barrierscritical Middle River
improve minimum water surface elevations upstream of the barrier approximately 2 feet.

I The Grant Line Canal conditions are improved by about,l.6 feet while the battier is
operating. All water levels UPstream of the barriers are improved, with the improvements
decreasing as the distance from the barrier increases. Changes in velocities in the south
Delta are similar to those shown in the representative critical year.

I             Representative Below Normal Year

Channel flow, minimum water surface elevations, and velocities change in the

i below normal result of Table A3-14 showsrepresentative yearasa theproposedproject.
the difference between the existing demand project and base for monthly average flow,

I . minimum ~watci" surface elevations, and minimum and maximum velocities for the
representative below normal year. Typically,. the changes follow the same pattern as those

i shown in the other water year types. The major difference between this water yeartype
and the representative critical, year is that there is more inflow to the Delta and the

:[ I
magnitude of the change in flo~v is slightly higher,

As a result of the head of Old River barrier, San Joaquin River flow increases by
I approximately 2,600 cfs rather than being diverted down Old River. With the three flow

control structures operating, thehydraulic barrier’ created results in an additional 500 cfs

i continuing down the San Joaquin River and the flow into Old River reduced by the same
amount. In June and July (three flow control barriers operating) reverse flows in Columbia

I Cut (2) increase by 180 and 300 cfs, Turner Cut (3) increases by 70 and 60 cfs, Middle
River (6) increases by 100 cfs in June and reduces by 90 cfs in July, and Old River (7)

i increases by 600 and 1,000 cfs. ~

¯ Improvement in minimum water surface elevations are shown in the representative below
I normal year as a result of barrier operation. Middle River and Old River near Tracy

barriers improve upstream water levels by approximately 2 feet, and the Grant Line Canal

!
i
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barrier improves water levels by 1.6 feet. Changes in velocities are small and follow the
same pattern as shown in the representative critical year.

Representative Above Normal Year
The change in flows, minimum water surface elevations, and velocities as a result of the

proposed project are similar to that seen in the other water year types. Table A3-15 shows
the difference between the existing demand base and project for monthly average flow,
minimum water surface elevations, and minimum and maximum velocities for the
representative above normal year.

The head of Old River barrier continues to change the flow patterns of the San Joaquin.
When the barrier is installed in the latter part of April and inMay, San Joaquin River flow
downstream of the barrier increases by npproximately 2600 cfs, and Old River flow is
reduced by the same amount. The San Joaquin River flow increases by approximately 500
cfs when the three flow control structures are operating during the summer. As a result of
the operation of these ~hree barriers in June and July, reverse flows increase in Columbia
Cut (2)by i90 and 300 cfs, in Turner Cut (3) by 60 cfs, in Old River (7) by 600 and 900
cfs, respectively. ~Null zenes c~isting in the base case are minimized under the operation of

the proposed project.

’Minimum water surface elevation improvements are similar to those shown in the other

water year types. Middle River and Old River near Tracy barriers improve water levels
upstream of the barriers (13 and 10) by approximately 2 feet, and the Grant Line Canal
barrier improves water surface elevations by 1.6 feet (9). WithOut the Grant Line Canal

barrier operating, the improvements in Old River water levels upstream of the Old River
near Tracy barrier (10) are about 50 percen~ less than those with the Grant Line Canal
barrier operating. Old River water surface elevations downstream of the head of Old River
barrier (16) decrease by 1.6 feet while the head of Old River barrier is operating.

Changes in minimum and maximum velocities are similar to those of the representative
critical year.
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Representative Wet Year
The barrier operation during rePresentative wet. year is significantly different than the
operation during the other water year types. During this water year, San Joaquin River
flows were much larger..Due to flood control concerns,-when San Joaquin River at
Vernalis flows than 5000 barriers in the south Deltaaregreater cfs, werenot operated.
Therefore, while the exports were increased and timing of pumping continued to be shifted,
the typical barrier operation did not occur. From April through June, no barriers were
operating in the south Delta.. Beginning in July, after the flows dropped below the 5000
cfs threshold~ the three flow control barriers were operated as they had previously in other
water years. Table A3-16 shows the difference between the existing demand project and
base for monthly average flow, minimum water surface elevations, and minimum and
maximum velocities for the representative above normal year.

the operation of the barrier, flows changes are similar to those other waterPrior s~enin

year types. Beginning in July, the changes in flow are a result of the operation of the three
flow control barriers. The San Joaquin River flow downstream of the head of’01d River

(18 and 17) increases by approximately 650 cfs,. and Old River flow decreases by the same
amount. As a result of the operation of these three barriers in July, reverse flows increase
in Columbia Cut (2) by 290 cfs, inTurner Cut (3) by 85 cfs, in Old River (7) by .850 cfs,
respectively. Flows upstream of the barriers decrease by controlling the downstream flow.
Null zones existing in the base case are minimized under the operation of the proposed
project.

Before the barriers are operating in the south Delta, the ch.anges in water levels is
insignificant. With the barriers in operation, the .changes in minimum water surface
elevations follows the same patterns as other water year types. Beginning in July, Middle

River and Old River near Tracy barriers improve water levels up.stream of the barriers (13
and 10) by approximately 3 feet, and the Grant Line Canal barrier improves water surface
elevations by 2.0 feet (9). Changes in minimum and maximum velocities are similarto

those of the other representative years.
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3.3.4 Interim South Delta Prograin (ISDP), Future Demand

This section describes the changes in hydrodynamics resulting from the implementation of
the proposed Interim South Delta Program (ISDP) operating under the future demand of the
SWP. The future demand of 4.1 MAF is considered the ultimatedemand level that the

SWP would be able t6 supply to existing contractors. The preferred alternative includes (1)
the construction and operation of a new intake structure at the SWP Clifton Corn4 Forebay,
(2) channel dredging along Old River just north of Clifton Court Forebay, (3) the
construction and operation of a l~arrier seasonally in boih the spring and fall to improve

fishery conditions for salmon migrating along the San Joaquin River, (4) the construction
and. operation of three flow control structures to improve existing water level and
circulation pattems for agricultural users in the south Delta, and (5) increasing the allowable
exports from Hari, ey O. Banks Pumping Plant to a maximum of i0,300 cfs.

Mathematical simulations of water project operations and the Delta environment with the
proposed project were made to augment the description .of the changes resulting from the
proposed action..Since the mathematical modeling data is not intended to provide absolute
predictions of future conditions, the results of these simulations were compared to the no-
action, existing demand base case study and the incremental changes resulting from the

proposed action were presented. Although the magnitude of the changes resulting from
ISDP may, at times, appear large or significant, the operation of the SWP facilities were
rood: :cd to meet all existing regulatory constraints. No attempt was made to optimize the
operation of the components of the ISDP, but rather to make the operation consistent for
comparison purposes.

With ISDP flows and water surface elevations in,the south Delta would be changed as a
result of barrier operation and timing of exports. As modeled, the timing of operation of
each barrier varies (Figure A3-12), but is consistent with that shown in the existing demand
case. Water surface elevations and circulation patterns are improved upstream of the
barriers by tidal pumping. Tidal pumping allows upstream flow during the flood tide and
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impedes downstream flood flow during the ebb tide. This operation retains flood tide
flows in south Delta channels to raise minimum water levels. As modeled, the Grant Line
Canal Barrier was operated to for a portion of the ebb tid~ to increase circulation byopen
providing a downstream outlet. The increase in water levels routes San Joaquin River
downstream towards the central Delta, rather then through the south Delta towards ~he
export pumps. Both statewide operation study and Delta modeling results are discussed in
the following text.

3.3.4.1 Statewide Operation Study Output

Monthly operational studies of the SWP and the CVP systems were performed with
DWR’s statewide water simulation model (DWRSIM) to evaluate the changes on SWP
operation as a result of ISDP. These studies are described in section 3.2.1. Within this
section the modeling output of the ISDP, future demand case compared with the no-action,
future demand base case is presented. The percent difference over base is shown to

provide a relative scale of the magnitude of change., However, some parameters such as
QWEST have small values and slight increase or decrease could result in a large percent

difference. The no-action future demand base case study data found in Section 3.3.2.1 can
be used as a reference to further determine the magnitude of change.

Reservoir Storage

Figure A3-17 depicts the pei’centage difference over the base case for the monthly average¯

storage of Shasta Lake (a CVP reservoir), Lake Oroville, and the SWP portion of San Luis
the 1-year historic hydrology. Similar to the existing demand case, the CVPReservoirfor 7

operation was frozen to prevent changes in CVP operation and to illustrate the changes as a
result of the ISDP facilities on SWP facilities. This is depicted in Shasta Lake in Figure

XX by a 0.0 percent change between base and project cases. Lake Oroville monthly
average storage over the 71-year record also does not changesignificantly. These changes
equate to increases and decreases of less than 4 percent. The largest change is an increase
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of 3.3 percent in August. However, since the ISDP will increase SWP exports and
deliveries from the Delta, the SWP portion of San Luis Reservoir, located downstream of
the exports, will change throughout the year. Storage decreases from July through October
with the largest decrease of 21 percent occurring in September. The greatest increases in

monthly average storage occur in the early winter~ peaking at an increase of 10.5 percent
during December. Storage increases throughout the rest of the year, but are typically less
than 5 percent from March through June.

Flows Downstream of Reservoirs’

The monthly percentage difference over the base case of flows downstream .of reservoirs

for the 71-year historical hydrology is shown in Figure A3-18. The San Joaquin River at
Vernalis, Sacramento River at Freeport, and the Feather River below Lake Oroville flows
are depicted. Since San Joaquin River at Vernalis flows ar~ dependent on upstream CVP
reservoir releases, they do not change as a result ofa frozen CVP operation.. The Feather

River below Oroville and the Sacramento River at FreePort flows follow similar trends.
Feather River flows increase or decrease less than 5 percent except during December and

July through September. In December, Feather River flows increase 10.9 percent and
from July and August decrease 8 and 9 percent~ respectively. In September they increase
approximately 27 percent. Generally, this occurs in Sacramento River at Freeport flows,
but to a smaller degree, increasin~ 2 percent in December and decreasing 3 percent in July
and August. This decrease is caused by a decrease in SWP exports during July August,
thus requiring Smaller releases from the upstream reservoirs and increasing exports in the
fail, requiring larger releases.

Delta Exports

Effects of the project alternative are most clearly represented in the operation of Harvey O.
Banks Pumping Plant. The project, as defined, increases exports in some months and
decreases exports in others. The percentage difference over the base case for monthly

average exports for the7 l-year historical hydrology is shown in Figure A3-19 for pumping
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at Harvey O. Banks Pumping Plant and at the Tracy Pumping Plant. Also shown on the
figure is the Delta Export Ratio, the percentage of the Delta Inflow that is exported from the
Delta. Expor~ at the Tracy Pumping Plant do not change since CVP operations are frozen.
As shown, the greatest monthly average increase in Harvey O. Banks Pumping Plant
exports are 17 percent and 19 percent, during the months of October and November. SWP
exports decrease from February through May. However, .the largest monthly average
decreases of 7.8 percent and 7.3 occurs in July and August. This is further shown on the
Delta export ratio plot. The Delta export ratio increase correlates with the increase in
pumping at SWP facilities from October through January. During the, months of February
through June and August the Delta export ratio is the controlling factor and does not change
between the base and the project cases. With the exception of a 8 percent November
increase, increases decreases are below 5 percent duringand all months.

Delta Inflow and Outflow

Delta inflow and outflOW are changed as a result ot: the ISDP (Figure A3-20). Inflow is

closely related to the operation of Lake Oroville and outflow is related to amount and timing
of Delta exports. Generally, impacts to Delta inflow are slight since this portion of the
SWP is already, operated to optimize exports. As shown there is relatively no change in
Delta inflow, with the greatest change .being a 2.6 percent decrease during in August.
However, Delta outflow pa~t Island shows of decrease result ofChipps more a a timing
and increased export of water from the Deltaassociated with the project. The months of
October through December, which have the greatest increase in SWP pumping, show the

largest decreases in Delta outflow. The largest decrease of 9.3 percent occurs in the month
of October. Generally, Delta outflow remains steady from January through September.
Since Delta outflow remairis relatively unchanged, X2 position does not change
significantly. The only slight change occurs in October through December, and July with
ar. increase in X2 position of just over 1 percent. QWEST, also related to Delta inflow,
outflow, and exports, changes as a result of the proposed project. The greatest negative
changes in Qwest occur October and December. The most dramatic changes are inbetween
October and December, 131 percent and 86 percent respectively. These changes are large
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due to the low values of Qwest in the base run. Any small change would represent a large
percentage in comparison with the base run. In January and June increases of I6 and 18
percent in more positive Qwest.fl°ws occur. From February through May the change in
Qwest is typical!y small. The month.of August shows a 10 percent increase in more
positive Qwest flows and then shows a decrease of 28 percent in September.

3.3.4.2 Delta Modeling Study Output

Monthly average Delta hydrodynamic studies of the existing demand-base case were
performed with DWR’s Delta Simulation Model (DWRDSM) to evaluate the changes to

within Delta flows; water levels, and velocities as a result of ISDP. These studies are
described in section 3.2.2. Within this section the modeling output of the IsDP, future

demand case compared with the no-action~ future demand base case and is presented. The
difference over base is shown to provide a relative scale of the magnitude of change. The
no-action future demand base case study data.found in Section 3.3.2.2 can be used as a
reference to further determine the magnitude of change. Average flow, minimum water
surface ~elevations, and minimum and maximum velocities at nineteen locations throughout
the central and southern Delta are ~tispIayed by water year type. The Delta reacts to the

ISDP in the future demand case in the. same way it reacted in the existing demand case.
The changes between these two demand levels are minor and often are close to being
exactly the same.

Representative Critical Year
Table A3-17 shows the difference between the future demand project and base for monthly

average flow, minimum water surface elevations, and minimum and maximum velocities
for the representative critical year. The proposed project increases monthly average channel
flows in some months and decreases channel flows in others. The barrier operation and the

shift in pumpir,g affect the flow pattems in the southern Delta.
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As shown in existing demand case, from January through March the greatest changes inthe
flows occur in Old River just downstream of Clifton Coui’t Forebay. Old River reverse
flows (7) increase by as much as 650 cfs during March as a result of a shift in pumping.
Also, positive flows along Victoria Canal (8) decrease by as much as 470 cfs. San Joaquin
River flows downstream of the head of Old River (17 and 18) increase by as much as 150
cfs in March and flows into Old River (15 and 16) decrease by the same amount. Middle
River flows in the south Delta (13 and 14) remain approximately the same,, but become
more positive by 250 cfs during March north of Woodward Canal (6).

From April through November flows change dramatically as a result of barrier operation

and the results are similar to the existing demand case. As a result of the head of Old River

barrier operation from April 15 through May, reverse flOWS increase by approximately 600.
cfs in Columbia" Cut (2) and by 400 cfs in Turner Cut (3). San Joaquin River flows
downstream of the head of Old River (4, 17, and -18) do not reverse, and increase by
approximately 1500 cfs. Likewise, Old River flows downstream of the head of Old River

(15 and 16) decrease by the same amount. Reverse flows downstream of Clifton Court
Forebay (7) increase by approximately 1100 cfs. Flow is directed upstream through the
flow control barriers on Middle (13) and Old River (10), and prevented from flowing
downstream. The in flow frr these, rivers 150 cfs and 500 cfs,change two over
respectively. Even witl~out a Grant Line barrier in operation, positive flow in the channel

(9) is reduced by over 800 cfs. Null zones in Middle, Old and San Joaquin rivers, that
existed in the base case no 16nger exist in the project case.

Without the head of Old River barrier operating and the three flow control barriers

operating,during June through September the results follow a similar pattern. Reverse
flows in Columbia and Turner Cut increase by approximately 150 cfs and 70 cfs
respectively. San Joaquin River flow increases over 450 cfs downstream, of the head of
Old River, rather than b~;ing diverted down Old River. Reverse Old River flows
downstream of Clifton Court Forebay (7) increase 550 cfs in June and 200 cfs in July, but

decrease in comparison to the flows with the head of Old River barrier operating. With the

A3-45

!

C--087392
C-087392



Grant Line barrier operating flows in that channel (9) are i’educed by 170 cfs in June and
160 cfs in July. Null zones no longer exist in Middle, Old, and San Joaquin rivers.

Following the same pattern as seen in the existing demand case, minimum water surface

elevations improve as a result of the operation of the barriers. The most Significant
improvements are Shown when the Grant Line barrier is operating. With no barriers
operating during January through March there is no significant change between base and
project conditions. When the Middle River and Old River near Tracy barriers are operating
during the first part of April the only significant improvements in minimum water surface
elevation occur upstream of the ban’iers. Middle River minimum water surface elevations
improve by 2.3 feet immediately upstream of the barrier (13) and 1.6 feet further upstream
(14). Immediately upstream of the Old River near Tracy .barrier (10) minimum water
surface elevations improve, by 1.3 feet and further upstream (12) by 0.7 feet. These
improvements remain when the head of Old River barrier is operating during the latter part

of April and in May. However, when this barrier is operating minimum water surface
elevations on Old River immediately downstream of the head of Old River barrier (15 and
16) decrease by less than 1.0 feet.                               "

The true benefit of the baniers is~ best depicted when the Grant Line Barrieralong with the
other two flow control barriers are operating during the months of June and July and
throughout tl~e rest of ,the summer. As a result of these three barriers operating, all
minimum water surface elevations in the south Delta are improved throughout the irrigation

season. Middle River elevations (13 and 14) increase by approximately 2 feet, Old River
elevations just upstream 6f Clifton Court Forebay (10 and 12) increase between 1.9 to 2.0
feet, Grant Line Canal elevations (9 and 11) increase approximately 1.6 feet, and Old River
elevations just downstream of the head of Old River (15 and 16) increase between 1.4 and

1.6 feet.

Generally, velocities in the south Delta change very little as a result of the proposed project.
Typically, the change in velocity is less than 0.2 fps. The most significant change in
velocity occurs in the San Joaquin River downstream of the head of Old River barrier.
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With the head of Old River barrier operating, San Joaquin River velocities can increase by
1.3 fps, but will remain less the 3.0 fps threshold. Likewise, Old River velocities decrease
during the same time period, In the channels upstream of the barriers, the velocities
typically decrease, but the change is relatively minor.

Other Representative Year Types

The average flow, minimum water surface elevations, andminimum and maximum
vel.ocities for the representative dry, below normal, above normal, and wet year are
displayed in Tables A3-18 through A3,21. The flow patterns throughout the central and
southern Delta follow the same pattern as those of the representative critical year for .the
future demand project case. Reverse flows are prevalent along the path from the.central
Delta to the export facilities. The most significant changes, compared with the existing
demand, project case occurs in JanuarY, Februaryl and July in Old and San Joaquin rivers.
Due to increased exports in the future demand case, reverse flows can increase 1,000 cfs or
more over the existing demand case during these months. Flows in Grant Line Canal,

Middle River, and Old River uPstream of Clifton Court Forebay, follow the same patterns
and trends shown above in the representative critical year. San Joaquin River flows

downstream of the head of Old River, with and without the barriers, alsothe samefollow
trend as shown in the representative critical year. Flows typically become more positive
with the.higher inflow in the wetter year types.

Minimum water surface elevations and velocities follow the same patterns as th,at seen in

the existing demand case and representative critical year of the future demand case.
Following the same pattern, minimum water surface elevations improve as a result of the
operation of the barriers. The most significant improvements are shown when the Grant
Line barrier is operating. With no barriers operating during January through March there is

no significant change between base and project ~ onditions. When the Middle River and
Old River near Tracy barriers are operating during the first part of April, the only
significant improvements in minimum water surface elevation occur upstream of the
barriers.’ Middle River minimum water surface elevations improve by 2.4 feet immediately
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upstream of the barrier (13) and 1.5 to 1.6 feet further upstream (14). Immediately
upstream of the Old River near Tracy barrier (10) minimum water surface elevations
improve by 1.3 to 1.5 feet and further upstream (12) by 0.7 to 1.8 feet. These
improvements remain when the head of Old River barrier is operating during the latter part
of April and in May. However, when- this barrier is operating minimum water surface
elevations on Old River immediately downstream of the head of Old River barrier (15 and
16) decrease by 1.0 to 1.6 feet.

The true benefit of the barriers is best depicted when the Grant Line Barrier along with the
other two flow control barriers are operating during the months of June and July and

throughout the rest of .the summer. As a result of these three barriersoperating, all
minimum water surface elevations in t!ae south Delta are improved throughout the irrigation
season. Middle River elevations (13and 14) increase by approximately 2 feet, Old River
elevations just upstream of Clifton Court Forcbay (10 and 12) increase between 1.9 to 2.0
feet, Grant Line Canal elevations (9 and 11) increase approximately 1.6 feet,.and Old River
elevations just downstream of the head of Old River (15 and 16) increase between 1.4 and¯
1.6 feet. As seen in the representative wet year of the existing demandcase, high San
Joaquin River flows prevented the operation of barriers until July.

Generally, velocities in the south Delta change very little as a result of the proposed project
and follow the same pattern as shown in the representative critical year and in the existing
demand case.. Typically, the change in Velocity is less than 0.2 fps. The most significant
change in velocity occurs in the San Joaquin River downstream of the head of Old River
barrier. With the head of Old River barrier operating, San Joaquin River velocities can

increase by 1.3 fps, but will typically remain less the 3.0 fps threshold. Likewise, Old
River velocities decrease during the same time period. In the channels upstream of the
barriers, the velocities typically decrease, but the change is relatively minor.

3.3.4 Fisheries Alternative, Existing Demand
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This section describes the changes in hydrodynamics resulting from the implementation of

the Fisheries Alternative undex: the current demand of the SWP. The Fisheries Alternative
.includes (1) modification of CVP and SWP exports, (2) consolidation of agricultural
diversions, (3) extensions for existing agricultural diversions, (4) dredge 5 miles of Old
River north of Clifton Court Forebay, and install a new intake structure at the northeast
comer of Clifton Court Forebay, and (5) increase pumping at Harvey O. Banks Pumping
Plant to 10,300 cfs.                                          .

Mathematical simulations of water project operations and the Delta environment with the
Fisheries Alternative were made to augment the description of the changes resulting from
the proposed action. Since the mathematical modeling data is not intended to provide

absolute predictions of future conditions, the results of these simulationswere compared to
the no-action, existing demand base case study and the .incremental changes resulting from
the proposed action were presented. Althougla the magnitude of the changes resulting from
the Fisheries Alternative may, at times, appear large or significant, the operation of the

SWP facilities was modeled to meet all existing regulatory constraints. No attempt was
made to optimize the operation of the components of the Fisheries Alternative, but rather to
make the operation consistent for comparison purposes.

3.3.4.1 Statewide Operation Study Output

Monthly operational studies, of the SWP and the CVP systems were performed with
DWR’s statewide water simulation model (DWRSIM) to evaluate the changes in SWP
operation as a result of the Fisheries Alternative. These studies are described in section
3.2.1. This section the modeling of the Fisheries Alternative and the no-compares output
action, existing demand base condition. The percentage difference over base is showri to
provide a relative scale of the magnitude of change. However, some parameters such as
QWEST have small values and a slight increase or decrease could result in a large
percentagedifference. The no-action existing demand base case study data found in section

3.3.1.1 can be used as a reference to further determine the.magnitude of change.
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Reservoir Storage

Figure A3-21 depicts the percentage difference over the base case for’ the monthly average

storage of Shasta Lake (a CVP reservoir), Lake Oroville, and the SWP portion of the San
Luis Reservoir for the 71-year historical record. Since Shasta Lake is part of the CVP and

is operated to meet the demands of the CVP, the CVP operation was frozen to prevent
changes in the CVP operation and to illustrate the changes as a result of the Fisheries
Alternative .on the SWP. This is depicted by a 0.0 percent change between base and project
cases. Lake Oroville monthly average storage over the 7I-year record does not change
significantly. A slight decrease of less than 2 percent occurs during every month except
May and June where there is no change. The SWP portion of the San Luis Reservoir will
increase throughout the year except during May and June. The greatest increases in
monthly average storageoccur in the fall and early winter, peaking at an increase of 16
percent during the months of November and December. The decrease, during May and
.June, of 2 percent is caused by the decrease in pumping, below base conditions as defined

by the modification of CVP/SWP exports fi’om April 15 through May 15.

Flows Downstream of Reservoirs

The monthly average seasonal pattern of flows for the 7.1-year historical hydrology is
shown in Figure A3-22 for the San Joaquin River at Vernalis, Sacramento River at
Freeport and the Feather River below Lake Oroville. Since San Joaquin River at Vernalis
flows are dependent on upstream CVP reservoir releases, there is no change as a result of

the frozen CVP operations. The Feather River below Oroville and the Sacramento River
flows follow similar trends. Sacramento River flows increase or decrease less than 5
percent. The largest increase of 5 percent occurs in July. Feather River flows increase or
decrease less than 5 percent except during May and also from July through Septer~ber.
The decrease in flow of 6 percent during May is caused by the pumping restrictions from

April 15 to May 15. The increase of 17 percent in July is caused by increased releases
from Oroville, which make up for the April 15 through May 15 diversion reductions.
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Delta Exports

The percentage differenceover the base condition from monthly average exports for the 71,
year historical" hydrology is shown in Figure A3-23 for pumping at Harvey O. Banks
Pumping Plant and Tracy Pumping Plant. Also shown is the Delta Export Ratio, the

percentage of the Delta inflow that is exported from the Delta. The effects of the Fisheries
Alternative are represented in the operation of Banks Pumping Plant. This alternative
increases in months and in others. The increase inexports some decreasesexports greatest
exports, 12 percent, occurs in November. From January through May, a decrease in
exports from 5 percent to 18 percent occurs, with the greatest decrease occurring in April
and May. This is consistent with the specified decrease’in pumping from April 15 to May
15. A decrease of 14 percent occurs in August due to low inflow. Exports at the Tracy
Pumping Plant change as a result of this Alternative, Tracy Pumping Plant has an increase

and decrease of exports less than 3 percent except during April and May. This follows the
same trend as Banks Pumping Plant during April and May. The Delta Export Ratio
increases and decreases less than 5 percent except in April and May. A 17 percent decrease
in April and a 16 percent in May occurs which is a result the pumpingdecrease of

restrictions on exports during April and May.

Delta Inflow and Outflow

Delta inflow, outflow, QWEST and X2 change as a result of the Fisheries Alternative

(Figure A3-24). Inflow is closely related to the operation of Lake Oroville and outflow is

related to amount and timing of Delta exports. Delta inflow, decreases from January
through May with the largest decrease of 8 percent occurring in November. This is similar
to what occurs at Lake Oroville. From January through September the increases or
decreases are less than 4 percent. Delta outflow past Chipps Island shows a decrease, from
September through November, as a result of and increased from the Deltatiming exports
associated with the Fisheries Alternative. The largest decrease of 7 percent occurs in
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September. From December through August, the outflow increases or decreases by less
than 3 percent. X2 position does not change significantly. The only change occurs in

November and April, With an increase and decrease of just over 1 .percent respectively.
QWEST, also related to Delta inflow, outflow, and exports, changes as a result of the
Fisheries Alternative. The greatest negative change in QWEST occurs between October.
and December. The most dramatic changes are in October and December, 116 percent and
94 percent resPectively. These changes are largely due to the low values of QWEST in the
base condition. Any small change would represent a large percentage in comparison with
the base condition. From February through June the change in QWEST is typically small.
The month of July and September shows a 41 percent and 30 percent increase in negative
QWEST flows.

3.3.4.2 Delta Modeling Study Output

Monthly average Delta hydrodynamic studies of the existing demand base condition were

performed with DWR’s Delta Simulatiofl Model (DWRDSM) to evaluate the changes to
within-Delta flows, water levels, and velocities as a result of the Fisheries Alternative.
These studies are described in section 3.2.2. This section compares the modeling output of
the Fisheries Alternative, existing demand case with the existing demand base condition.
The difference ove.r the base is shown to provide a relative scale of the magnitude of
change. The existing demand base condition study data in Section 3.3.1.2 can be used as a
reference to further determine the magnitude of change. Average flow, minimum water
surface elevations, and minimum and maximum velocities at nineteen locations throughout
the central and southern Delta are displayed by water year type.

Representative Critical Year
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The difference between the Fisheries Alternative, existing demand and base condition,
existing demand for monthly average flow, minimum water Surface elevations, and
minimum and maximum velocities for the representative critical year is shown in Table A3-
22. The Fisheries Alternative decreases monthly channel flows during most months. The
flow patterns are affected by increased pumping, San Joaquin River flows and the
irrigation season.

From January through March, small changes in flow occur in Old River just downstream
of Clifton Court Forebay and also in Middle River. In Old River (5,7)the largest increase
in reverse flow is 199 cfs which occurred in January. Reverse flows also increasein

Middle River (6) by 100 cfs, which is similar to what occurs in the base condition, existing
demand. Victoria Canal’s (8) positive flows increase by 82 cfs. No changes occur in
flows near the head of Old River (15,16) nor along the San Joaquin River (17,18).

From April through June, the change in flows are also small. A null zone occurs in Middle
River (13,14) between tim head of Old River and Victoria Canal,which is also similar to
what occurs in the base condition existing demand critical year. Reverse flows decrease in
Old River downstream of Clifton Court Forebay. This is due to a combination of CVP
pumping, agricultural channel depletions and lower inflow to the south Delta from the San

Joaquin River. In July, the changes in flow along Old River (5,7) and Middle River (6)
increase due to the irrigation season increased demands and an increase in pumping at
SWP. Also in July through the summer, a null zone occurs along Old River (10,12)

upstream of Clifton Court. Forebay. There is no improvement of the reverse flows and null
zones for this alternative, whict! also appear in the base condition, existing demand
representative critical year.

In the southern Delta, there is no improvement in the minimum water surface elevations.
The minimum and maximum velocities do not change as a result of this alternative. The.

conditions, which are the same as in the base condition, existing demand representative
critical year, include decreased minimum water surface elevation during the irrigation
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season and the highest velocities occurring in Old River downstream of Clifton Court
Forebay of 2.6 to -2.2 fps.

Representative Dry Year

Table A3-23 shows the difference between the existing demand Fisheries Alternative and
monthly average flow, minimum water surface elevations, and minimumbaseconditionfor

and maximum velocities for the representative dry year. changes in flow occur in Old and
Middle Rivers. In Old River (5,7) the reverse flows that occur from January through
March increase by 300 cfs.. This is caused by an increase in pumping. This increase,
which is higher .than in the representative critical year, should be expected because of the
increased amount of water available for pumping. Reverse flows in Middle River (6)
decrease 150 cfs when compared to the base condition, existing demand. Positive. flows
along Grant Line (9,11) and Victoria Canals (8) decrease by 150 cfs.

Reverse flows decrease, from April through May, in Old and Middle Rivers as a result of a
decrease in pumping. In June and-July, the reverse flows increase along Old River (5,7)
downstream of Clifton Court Forebay and along Victoria Canal (8). Null zone occurs in
Middle River (13,14) during June and July, which is similar to what occurs in the

representative critical year. Null zone and reverse flow occurs, during July, in the San
Joaquin River. Null zones that existed in the representative critical year are still prevalent.

Minimum water surface elevation and velocities follow the same pattern as seen during the
representaiive critical year. As a result of this alternative, no changes or improvements

occur when compared to the base condition.

Representative Below Normal Year

Channel flow, minimum water surface elevations, and velocities do not improve in the
representative below normal year as a result of the Fisheries Alternative. Table A3-24
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shows the difference between the~ existing demand Fisheries Alternative and base for
monthly average flow, minimum water surface elevation, and minimum and maximum
velocities for the representative below normal year.

Reverse flows along Old and Middle Rivers decrease in January and February. Old River
(5,7) reverse flows decrease by 2400 cfs and 2150 cfs respectively in January. The
reverse flow in Middle River (6) is decreased by 1600 cfs. A null zone occurs in Middle
River (13,14) during March, which is the result of lower San Joaquin. River flows entering
the south Delta. Also during Marcia, the revers_e flows along Old (5,7) and Middle (6)
Rivers increase.

From Apri! to May, pumping is less than the base condition because of modifications in
CVP/SWP exports. This results in a decrease in reverse flows along Old and Middle
Rivers (5,6,7). Flows increase along tlle San Joaqnin River (1,4) near Jersey Island and
Turner Cut; A null zone exists in Middle River (13,14) in June and July. In the San
Joaquin River, reverse flow occurs near Stockton and a null zone occurs from July through
the summer. Higher pumping and the irrigation.sea.son causes increased reverse flows
along Columbia Cut (2) and Old River (5,7). Problems with reverse flows and null zones
along the San Joaquin River and null zones along Middle River are still present in the
representative below normal year.

Minimum water surface elevation and velocities follow the same pattern as seen during the

representative critical year. As a result of this alternative, no changes or improvements
occur when compared to the base condition.

Representative Above Normal Year

Table A3-25 shows the average flow, minimum water surface elevations, and. minimum

and maximum velocities for the representativ_e above normalDuring theyear.
representative above normal year, flows within the Delta are generally higher but follow the
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same pattern as that seen in the below normal year. In the central Delta and along Old
River, reverse flows exist but typically occur less or are lower due to higher inflows and

less pumping: The closer to the export pumps, the greater these reverse flows become.
Reverse flows increase during months of high pumping and during the irrigation season.
Middle River continues to reverse from June through the summer. This reversing action
creates a null zone in this reach from June through the summer. The San Joaquin River,
between Stockton and the head of Old River, reverse flow during June through the summer
due to low inflow conditions.

Minimum water surface elevation and velocities follow the same pattern as seen during the
representative critical year. As a result of this alternative, no changes or improvements
occur when compared to the base condition.

Representative Wet Year

Table A3-26 shows the average flow, minimum water surface elevations, and minimum
and maximum velocities for the representative wet year. During the representative wet
year, flows within the Delta are higher but follow the same pattern as that seen in the below
normal year. The San Joaquin River does not re~,erse because of higher inflows. Most
channels have a positive downstream flow. Old (5,7) and Middle (6) Rivers continue to
have reverse flow during high pumping, specifically January, February, March and June
through the summer. Null zones are less prevalent, but still occur in Middle River from
July through the summer.

Minimum water surface elevation and velocities follow the same pattern as seen during the
representative critical year. As a result of this alternative, no changes or improvements

when compared to the base condition.occur

3.3.5 Fisheries Alternative, Future Demand
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This section describes the changes in hydrodynamics resulting ~from the implementation of
the fisheries alternative operating under the future demand of the SWP. The Fisheries
Alternative includes (1) modification of CVP and SWP exports, (2) consolidation of
agricultural diversions, (3) extensions for existing agricultural diversions, (4) dredge 5
miles of Old River north of Clifton Court Forebay, and install a new intake structure at the

northeast comer of Clifton Court Forebay, ~nd (5) increase pumping at Harvey O. Banks
Pumping Plant to 10,300 cfs. The future demand of 4.1 MAF is considered the ultimate
demand level that the SWP would be able to supply to existing contractors.

Numerical simulations of water project operations and the Delta environment with the
proposed fisheries alternative were done to understand trends and changes resulting from
implementing this alternative. The numerical modeling data is not intended to provide
absolute prediction of future, conditions, but comparative results. The results of these

simulations, including this alternative, are compared to the no-action future~demand base
condition study, and the incremental changes resulting from the proposed alternative are

presented.

3.3.5.1 Future Demand Statewide Operation Study Output

Monthly operational ,studies of SWP and CVP systems were performed with DWR’s state
water simulation model (DWRSIM) tO evaluate the changes on SWP operation as a result

of implementation of the fisheries alternative. These studies are described in section 3.2.1.
¯ Within the modeling output of the fisheries alternative; the fisheries alternative future
demand condition is compared with the future demand no-action base condition. The

percentage .difference is shown to provide a relative scale of the magnitude of change.
However, some parameters such as QWEST have small values, and a slight increase or
decrease could result in a large percentage difference. The no-action future demand base
condition study data found in Section 3.3.2.1 can be used as a reference to further
determine the magnitude of change.
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Reservoir Storage

Figure A3-25 depicts the percentage difference over the base condition for the monthly
average storage of Shasta Lake (a CVP reservoir), Lake Oroville, and the SWP portion of
San Luis Reservoir for the 71-year historic hydrology. The fisheries alternative is similar
to the existing demand case and the future demand case. The Shasta Reservoir releases
were frozen during fisheries alternative simulation to prevent changes in CVP operation,
and to illustrate the changes resulting from the fisheries alternative implementation on the
sWP. Shasta Reservoir was also frozen in all other.DWRSIM analyses. This is depicted
in Figure A3-25 by a 0.0 percent change between the fisheries alternative and the base

condition. Lake Oroville monthly average storage over the 71-year record also does not
change significantly. These changes represent increases from 0 to 5 percent. The largest
change is an increase of 4.8 percent in July. However, since the fisheries alternative will
decrease the exports from the Delta in April and May, the SWP portion of San Luis

Reservoir, located downstream of the cxports~ will change throughout the year. Storage
~decreases from April through October, with the largest decrease of 313 percent in August.

The greatest increase in monthly average storage occurs in early winter, peaking at an.increase of 8.5 percent during January, Storage increases throughout the rest of the year,
but are typically about 5 percent in February and March.

Flows Downstream of Reservoirs

The monthly percentage differences between the fisheries alternative and the base condition
flows downstream of reservoirs for the 71-year historical hydrology are shown in Figure
A3-26. The Feather River flow and the Sacramento River at Freeport flows follow
similar trends except between March and May. Feather River flows increase or decrease
less than 6:5 percent except during April through October. The highest increase of 68.9
percent occurred in the month of June. Feather River flows in February decrease

approximately 6 percent. In comparing the preferred alternative to the base condition,

Feather River flow patterns and Sacramento River at Freeport flow patterns are similar, but
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increases and decreases are less. In the alternative, there was a deviation from the flow
pattern because of reduction in Delta exports between April 15 and May 15. Under the
alternative, between April 15 through May 15, SWP exports are limited to 50 percent of
Vernalis flows, or 1,100 cfs, whichever is greater. In the base condition, exports are
limited to 100 percent of Vernalis, or 1,500 cfs, whichever is greater. This decrease in
flow causes a reduction in SWP exports and CVP exports and requires an additional release.

after May from upstream reservoirs to meet future demand. Sacramento River flows at
Freeport fluctuate from -5.36% in July to 9% in September.

i I Delta Exports

I Effects of the alternative are most clearly ~eprescnted in the operation of Harvey O. Banks

~ Delta Pumping Plant and Tracy Pumping Plant.. The alternative allows for increasing

~ ~" exports at the Harvey O. Banks Pumping Plant up to 10,300 cfs. However, from April 15
iI~_. to May 15 there are reductions in Delta exports at both CVP and SWP pumps. The

percentage difference between the alternative and the base condition for monthly average
exports for the 71-year historical hydrology is shown in Figure A3-27 for pumping at
Banks Pumping Plant and at the Tracy Pumping Plant. Also shown on the figure is the

Delta Export Ratio, the percentage of the Delta inflow that is exported from the Delta.
Exports at the Tracy Pumping Plant decrease April and May due to the �eduction in Delta

required by:the alternative. The monthly increases in Banksexports greatest average

Pumping Plant exports are 13 and 18 percent, during October and November. SWP
exports decrease from mid-January through the end of May and from early June through

mid-August. However, the largest monthly average decrease of 24 percent occurs in July.
The Tracy Pumping Plant exports decrease from mid-February through June, with the
greatest decrease of 15 percent occurring in April and in May. This is also shown on the
Delta Export Ratio plot. The Delta Export Ratio increase correlates with the increase in

I pumping at SWP facilities from October through February. From February to March, the .
Delta Export Ratio does not change between the ISDP base and cases. In April and May,

I the Delta Ratio with the decrease of 17 inExport decreases, greatest percentoccurring
April. Between June and September, the Delta Export Ratio varies from 5 to -5 percent.

i
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Delta Inflow and Outflow

~ Delta inflow and outflow are changed as.a result of the Alternative (Figure A3-28). Inflow
i is closely related to the operation of Lake Oroville, and outflow is related to amount and
:~ timing of Delta exports. Gener.ally, impacts to Delta inflow are slight since this portion of

the SWP is operated to optimize exports..As shown, there is relatively no change in Delta.
inflow, with the greatest decrease occurring in August at about 5 percent and the greatest
increase of 9 percent occurring in September. However, Delta outflow past Chipps Island
shows more of a decrease as a result of timing and increased export of water from the Delta
associated with the alternative. September, October and November have the greatest
increases in SWP pumping and the largest decreases in Delta outflow. The largest decrease
of 9.6 percentoccurs in November. Generally, Delta outflow shows a slight increase in
January and February, then remains steady from March through August. More positive

Delta outflow occur.s from March through mid-May and from mid-August through
September. From mid-June through mid-August, Delta outflows decrease due to increased
Delta exports.

The X2position does not change significantly. The only increases in the X2 position, just

over 1 percent, occur in November, December, and July. Decreases in the X:~ position by

the same amount occur in April and September.

QWEST, also related to Delta inflow, outflow, and exports, changes as a result of the
alternative. The greatest negative changes in QWEST occur between October and
February. The most dramatic changes are in October and December, 140 percent and 99

percent, respectively. These changes are large due to the low values of QWEST in the

ISDP base study. Any small change would represent a large percentage in comparison
with the base study. From February through March, the change in QWEST is small. May
shows a 29 percent increase in positive QWEST flows, with a decrease of 29 and 55.
percent in June and September, respectively.

!
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3.3.5.2 Delta Modeling Study Output

Monthly average Delta hydrodynamic studies of the alternative were performed with
DWR’s Delta Simulation Model (DWRDSM) to evaluate the changes to within-Delta flows,
water levels, ’ and velocities as a result of the alternative implementation. This section
compares the modeling output of the alternative future demand condition and the future
demand base condition. The difference is shown to provide a relative scale of the
magnitude of change. The future demand base condition data found in Section 3.3.2.2 can
be used as a reference to further determine the magnitude of change. Average flow,

minimum water surface elevations, and minimum and maximum velocities at nineteen
locations throughout the central .and southern Delta are displayed by water year type. The
changes are small when comparing the altcnaative future demand case to the future demand
base condition.

Representative Critical Year

Table A3-27 shows the difference between the future demand alternative and future demand
base condition for monthly average flow, minimum water surface elevations, and minimum
and maximum velocities for the representative critical year. The alternative increases
monthly average channel flows in some months and decreases channel flows in others.

Because this alternative does not have barriers ( or other provisions) to improve water
circulation, null zones continue to appear in modeling results.

in the critical year, there is little difference between the alternative and base condition. OldRiver reverse flow downstream of Clifton Court Forebay (7) increases in JanuatTy" through

March, and in June, with the greatest increase of,628 cfs occurring in March. In April,
May, and July, more positive flo.w occurs. The greatest flow, noted in April, is 227 cfs.
Positive flows along Victoria Canal (8) decrease by as much as 487 cfs. San J0aquin River
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flows downstream of the head of Old River (17 and 18) slightly reverse the reverse flow
during the months of January and February. The difference between the alternative and the
base condition is slightly under 100 cfs. From April through June, there is an increase in
positive flow of a little above 50 cfs. In March and in Ju!y, there is a little above 100 efs
reduction in reverse flow. Flow into Old River (15 and i6) ranges from 50 cfs to a little

above 1130 cfs. The greatest reduction,132 cfs, occurs in March. Middle River flows in the
south Delta (13 and 14) under the alternative are slightly increased from May through July.
However, null zones and circulation problems remain approximately the same as with the
base condition, since there are no barriers (or other provisions) installed to improve
circulation. From January through March, the difference between the alternati,tie and base
condition is approximately a 10 cfs reduction in reverse flow. Woodward Canal (6)
experiences a reduction in reverse flow ranging from 92 cfs to 393 cfs, with the greatest
reduction occurring in July.

More reverse flow occurs under the alternative in Columbia Cut (2) from January through
April. In Turner Cut (3) and throughout the entire period; reverse flow decreases. In the
San Joaquin River (4), there is an increase in positive flow from January through June. In
July, less reverse flow occurs. The greatest increase,135 cfs positive flow, occurs in
March. Null zones exist in the Sian Joaquin ~iver whencomparing flow directions

between (4) and (11).-Old River (10) and (12) experiences an increase in positive flow
from January through June. In Julyl however, null zones are evident. Positive flow in

Grant Line (9) and (11) decreased by roughly 100 cfs, with the greatest reduction,192 cfs,
during the month of Marcia, with no null zones occurring in this reach.

Following the same pattern as seen in the base condition, minimum water surface

elevations do not change. With no barriers operating during. January through March there
is no significant change between base and conditions, nor is there any improvement during
irrigation season. Middle River elevations (13 and 14) either remain constant or decrease
0.1 feet~ Old River elevations just upstream of Clifton Court Forebay (10 and 12), Grant

Line Canal elevations (9 and 11), and Old River elevations just downstream of the head of
Old River (15 and 16) all follow the same pattern.
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Generally, velocities in the south Delta change very little as a result of implementation of
the alternative. Typically, the change in velocity is less than 0.2 fps. The most significant
change in velocity occurs in Middle River (16), with the greatest change of-0.4 fps
occurring in February and March. San Joaquin River and Old River velocities remain
constant.

Representative Dry Year                                             ’

The average flow, minimum water surface elevations, and minimum and maximum
velocities for the representative dry year are displayed in Table A3-28. The flow patterns
throughout the central and soutl~crn Delta follow a pattern similar to the critical year.
,Reverse flows are prevalent along the path from the central Delta to the export facilities. A
null zone is created in Middle River during June, July, and through the summer. Reverse
flows along Old River just upstream of Clifton Court Forebay (5).increase during January,
February, June and July. In March they decrease by approximately 65 cfs. In April and
May they decrease by 500 and 375 cfs, respcctively~ San Joaquin River flows increase
from January throtigh May by an avcl’age of 68 cfs, with the greatest increase being !06
cfs. During July and through the summer, the San Joaquin River reverses near the city’of

Stockton (4, 17, and 18).

Minimum water surface elevations and velocities follow the same pattern as that seen
during the representative critical year. Minimum water surface elevations range from 1.6
to 1.8 feet close to Clifton Court Forcbay (7), and 1.5 to 3.4 feet at other locations in the
southern Delta, but there is no difference in water surface elevation noted between the
alternative and the base conditiom The change in velocity between the alternative and the
base condition is less than 0.2 fps. The most significant change in velocity occurs in reach
(5), with a value of 0.4 fps.

Representative Below Normal Year
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Table A3-29 shows the average flow, minimum water surface elevations, and minimum

and maximum velocities for the representative below normal year. The flow patterns
throughout the central and southern Delta follow a pattern similar to the critical year.
Reverse flows are prevalent along the path from the central Delta to the export facilities. A
null zone is created in Middle River during June, July, and through the summer. Reverse
flows along Old River just upstream of Clifton Court Forebay (5) increase under the
alternative during January, March,June, and July. In February, and April through May,
they decrease. The greatest reducti0n~ 1,148 cfs, occurs in February. The reduction in

reverse flow in,April and May is 537 and 400 cfs, respectively. San Joaquin River flows
increase from January through May by an average of 68 cfs, with the greatest increase, 104

cfs, occurring in March. During July and through the summer, the San Joaquin River
reverses near Stockton.

Minimum water’ surface elevations and velocities follow the same pattern as that.seen
during the representative critical year. The difference in water surface elevation between

and base is negligible. Typically, the change in velocity.between and base is less than 0.2
fps. The most significant change in velocity occurs in reach (6) and (9) with a value of 0.4
fps.

Representative Above Normal Year

Table A3-30 shows the average flow, minimum water surface elevations, and minimum
and maximum velocities for the representative above normal year. During the

representative above normal ydar, flows within the Delta are generally higher but follow a
pattern similar to the critical year in the central Delta and along Old River. Reverse flow
occurs near the export pumps, increasing during months of high exports, such as January
and February. High exports also cause reverse flows to increase in July; Reverse flows
along Middle River continue during June, July, and through the summer. This reversing
action creates a null zone in this reach during these months. The San Joaquin River,

between Stockton and the head of Old River, reverses flow during July and through the

C--087411
C-087411



summer due to low inflow conditions. From July through the summer, the majority of the
San Joaquin River flow is diverted down Old River.

Throughout the southern Delta, the minimum water surface elevations decrease during the
irrigation ~eason and into the summer. As shown, the months of June and July typically

have the lowest water surface elevation; the difference between .the alternative and base
condition was negligible. Velocities throughout the central and southern Delta remain
unchanged when comparing the alternative to base conditions. The highest velocity change
of 0.4 fps occurs in Old River downstream of Clifton Court Forebay and in Old River just
downstream of the head of Old River. Typically, velocities are 1.7 fps or less at other
locations.

Representative Wet Year

Table A3-31 shows the average flo~v, minimum water surface elevations, and minimum
and maximum velocities for the representative, wet year. Flows throughout the central and
southern Delta increase as a result of higher inflows. The reverse flows that commonly
occur in the representative critical year occur less frequently. Less pumping is required in
wet years in February, March and April.’ Export losses due to reducing April 15 to.May

15 exports are made up in June and July. Most channels in the southern Delta have
positive downstream flow. Null. zones are less prevalent, but still occur in Middle River
during July and the summer. A positive downstream San Joaquin River flow also occurs
at Stockton.

Water surface elevations throughout the Delta are higher than those of the drier water years.
Minimum water surface elevation changes between the alternative and ba~e condition range

i from -.0.8 to 0.2 foot in the southern Delta. Typically, these minimum water surface
elevations are much higher than those of tl~e drier years. For example, reach (16) reaches

an elevation of 12.1 feet during the month of April under the alternative; and around Clifton
Court Forebay, water surface elevations range between 1.6 and 3.1 feet. Velocities are

typically less than 1.7 fps under the alternative, but are greatest on Old River at head (15)

!
,
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and (16). The difference in velocities between the alternative and base is as high as 0.5
fps, and as low as -0.4 fps.

Flows and water surface elevations in the south Delta will experience little change as a
result of implementation of the alternative. Water surface elevation and circulation pattem, s
are similar to the base condition with a slight reduction in flow, substantial increase in

Oroville releases, and reduction in SWP exports.

~3.4    Delta Modeling Studies for Endangered Species Consultation

The ’CVP/SWP operations and Delta modeling analyses used to analyze the potenicial
effects of the ISDP contained herein are wholly representative of and encompass the range
of reasonably foreseeable potential impacts due to ISDP operations.

Additional Delta modeling analyses are presently being conducted to investigate the
potential for modifying the pi’esently identified operational criteria for the ISDP. These
studies were reqested by regulatory agencies for formal endangered species consultation.
Any further refinements of the ISDP operations will be made to ¯reduce and minimize the
potential for adverse impacts to Delta fisheries, terrestrial plant and animal species, and
water quality for other Delta users.

Therefore, the analyses in the EIR/EIS have been conducted with the full intent and
expectation that all applicable NEPA and CEQA requirements have been complied with and
that the information presented in this ’document provides the appropriate level of
information for decision-makers and the general public to determine the full range of
impacts that may be associated with ISDP.

!
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Figure A3-4
Existing Demand Case - Base Condition
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Figure A3-5
Existing Demand Case - Base Condition
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Figure, A3-6
Existing Demand Case - Base Condition
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Figure A3-7                                               !

Existing Demand Case - Base Condition
Delta Inflow and Outflow
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Average Net Flow

TABLE A3-2
Ref. Jan    Jan Feb. March April May May
No. 1-16 17-31 1-20 21-31 June July

’2 -351 ’ -91 :147 -677 ~.186 -79 -258 , -3s. -337 Existing Demand Case Study (Run 420)
-’~ -807 -SS4 -583 -1015 -427 -351 -3,1 -669 -e;o Base Condition Without ISDP
T ’35’ 11 ? e3 171 "437 407 .~21 " ~ -~es Representative Critical Year
~ :3061 ’ -30B9 ;~39 -5768 ;~532 -1166 -~141 -2976 -4242

7 "-3678 ’ -3686 -~735 -687~ --i~1~ -1~73 ~265 -3416 ~862 ..
~ 1.68D 1660 ~695". 3037 843. 610 ~.614. 1511 2092 1

17 ..:42: + -43 ~.:+0 + -189 +50 349 ’.~345 65 ,,223
+ "." ’

~r.79~ ¯ 791 ++~0~1 1153 1925 1872 t872 1519 862 ~""" " +-. Stockton

5 .... 6
¯ ..i.~:_.. .

Minimum Water Su~ace Elevation
River,

Ref. J Jan    Ja~ Feb, March April 1-20 21-3! June July

~ 2.0 2.0 ~.0 2.0 2.0 2.0 2.0 2.0 ~.s Cour~ ~ ~4~
-- + Forebay " " ~ 11

2 1.8 1.B "-’~.B ~.8 ~.9 ~,9 1.9 1.8 1.8 .......... ~ ......
.....~ , ~.7 +.~ -’.~.7 +.e "~.e ++s . +.B ++~ +.7 10~ .-~+.. -.’:, :, 1

4 1:7: , 1.7 "1.7 1.8 J.B 1.8 ,, 1.8 1.8 1,7 ,.
~ ~;.7= +.7 ~.;+.7 ~+ ~.7 :~.~ +,~ :+.e ++7 t.+
~ " " ’ ¯ : +     " ’ Tracy ..
-- + " ~ .... ~": I .~’~’

~ +.1:6~ 1.6 . ~.~6 : 1.5    1~8 1.8 .,1.8 1:6 ’ ".1".~ Aq~duc~ Delta-Mendota

... ..

1~ "2.0" 2+0 ’~+2.0 2+0 =2J’" 2.1 ~2;2 l+B 1:7
~ :~.~: ~ ~.0 :~:~" 2.0 ~.~ , ~,~ :r:2.4 2.~

6 : 2~" 2.2 ~ ’2.3. 2.2 ~.7 2.7 ..:. 2.7 ’ 2.4 2.1

Minimum and Maximum Velocity

e o.e ’ + ’.+.+ ~. 0.9 -+.+ o.9, ’-L+ ’ o.9 .+.~ I.O -O.e ~.o -o.~ ~.~ :.:::~:e’" ~.o -~.o o.s’ -1;~
~ ’ 0.7    0.5 0.7    0.5 0.8 0.7    0,9    OJB 1.2 1.1    1.2    I,~ ~I,2’+ I~:1" " 1.1 0.9 0.8 + 0.~
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Average Net Flow
TABLE A3-3 CONT.

Ref. Nov Nov Dec.    Dec,
No.

Oct
1-15 16-30 1-16 :17-31

Aug. Sep.

1 -62 -585 -3019 423 .2246 -918 -534 Existing Demand Case Study (Run 420)
2 o1092 -989 -652 .829 .459 -363 -305 Base Condition Without ISDP
3 -1164 -1098 -1041 -928 .862 -772 -645 Representative Dry Year (1981)
4 1178 1002 . 9.90 730 "710 -63

~ -4931 -4875 ¯ ;4913 -4025 -~O71 -3952 -3094
6 -3451"" "3400 ;33=68-2857 .2821 -2829 "226g

8 .... 2573" 2571 ~:’: 25"fl5 ’ 2148 :’ ~4~ 2006 ~

10 ~’~99 280 ~,~~TB,~ , 252 ~’;- 246, 50 ~-~=~ 9~" ’

~ ~"=~ 29e ;; 293 ’ ~ 267

Minimum Water Surface Elevation

Ref. Oct Nov Nov r Dec. Dec.    Aug. Sep.
No. 1-15 16-30 1-16 17-31

1 .~.95 1.95 " .1.92 2 ~ ~.M 1.95 ’ ’
2 1,79, 1.8 ~ 1.76 1.84 , ~,8 1.77 .

~ 1.73 1.74 .r 1.7 1.77 ~.73 1.7 1.72
5 1.71 " 1.67 ~- ~.04 1.71 " =1.67 1.63 ~:. f.65
6 1.7i ’ 1.68 ~:’ 1~84 1.72 :,."~.~ 1.64 ~, 1.86

~ ¯ . , ~’, 1.54 1.62 =1.58 1.51 ~,~ ~.547 " 1.62 1.58 ~: ,
--8 ;1.56 " 1.52 ,~;. 1.49 1.56 ~:.1.52 1.44 ’ t.47

~ Yl.68, ~ ~,84 ~;;~,,1.81 ~.66 ; 1.62 ~.49 ~’,, 1.53
10 ’~=I:~I’ : 1.47 ~’:I.44, 1.51 ~;"~.47 1.37 ~.~ 1.4

1~ ~ 1.65 1.63 ~-~:: 1.59 1.66 ::~,,.~.62 1.54 ~ ’
14 .::’2:44 2.4 ~" ~:~,3B 2.31 ~,~. 2.~?. " 1.79
1 S : 2.84 ’. 2.75 ~:~.7~ 2.6 ~;.":’2.58 " ¯ !.96 ::: 2.05.

17 "’,1.93 ’. 1.91 ~. t.SB~ 1.91 ~:,’, 1,87    1.75    1.78

Minimum and Maximum Velocity

No. MAX. M~N. MAX. M~ M~. MIN. ’ MAX. MIN, M~.    MIN. M~. MIN.    M~. MIN.

1 ~’~,~:~ ~ 1.2 -1.3 ;~ ~1,;4.,~, 1.2 -1,3 ~.~;]’2 ~-~t. ;-~: 1.2 -!.3 ~’~.’I~

~o ;os. o.~ -o.s ~’~    ~:~: ~~::+ 0.4 .o.s=.:~:~,e ~,,.~+:~:,:e. ....,:~ o.~ -o.s ~.~o= ~ ~"
~ ~’" ":4~ ~’: ~:~ ’ ~"+~"~ ~"~: ~"~"~:~:~ ~ o.~ -0.4 ~:~ ........ o.~ .o.4 o.~

~+,+ ...... ~,,:+~.. +,, 0.3 +0.2 ++ .......... ~ ,.~.+,

:~., ~ .:.,
_                                                                                                       ~.:

+ ~ t+.+5~+ ; ~.~. ~.+ ~.+ ~ =:.,~.~ +, ,:L. ~.e.    ~.~ ~.~ " ’~.++-::;:~+;~ ~:~+. 0.+ 0.~ f"’:++.+’::*~:~+t+~+:+: J’
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Average Net Flow

Ref. Dec, Doc.
"FABLE A3-4 CONT.

Oct Nov Aug. Sep.
No. 1-15 16-31

1 -1075 -1967 -2767 -215 -1590 -709 Existing Demand Case Study (Run 420)
2 -841 -793 ¯ -783 -1137 -495 -346 Base Condition Without ISDP
3 .1110 .1072 ’.1098 -1157 .925 -69~ Representative Below Normal Year (1966)
4 .588 110:~ 1070, 1082 -192 -9
5 ,-53(~5 , -4823 -~188 -5148 " "-~149 -3503
5 "-3~64" -3337 ’:~3542 -3576 , -3570 -2524

~ "~2737 .; 2548 ~,2~34 ; 2741 ~;,’ ~579"" 1835

~ ’~27~e 3827 ~652 ¯ 3652 :’-’~ 876 957 ’

Minimum Water Surface Elevation

Ref.
Oct Nov D~. Dec. Aug, Sep.

No. . 1-15 16-31

2 ,1-75 1.83 ~,1.77 1.8l , ~.~5 1.78

Minimum and Maximum Velocity
Ref. Oct. Nov. ~�, 1-15 Dec, 16-31 Aug. Sep.

No. MAX. MIN. MAX. MIN, M~ MIN. MAX. MIN, MAX. MIN. MAX. MIN.
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Average Net Flow
TABLE A3-5 CONT.

Ref. Nov Nov Dec. Dec.
No.

Oct Aug. Sep.
1-15 16-30 1-16 17-31

~" 1 .... 966 -1186 -3943 -185 -2277 -1749 -680 Existing Demand Case Study (Run 420)
2 -1227 -725 -343 .491 -201 -579 -347 Base Condition Without IS’DP

.1211 -1006 -939 -729 -674 -;009 -689 Representative Above Normal Year (~957)
4    1195 262 236 287 266 -148 39

;__5 -4905 -5258 . -5300 -3442 -3476 -5613 , .3398
6 -3467 -3627,-359~‘-2469 ,’;2439 -3877 ~’-2456
7 -5867’ -6245 , -6261 -4098. ~,~1tl -6527 ~ ~992
8 2585 2742 : 2734 1845 ’ t838 2821

~ 216 ~’.’:2!2,’=~~ 207 ~20~,~’~ 175

16 :~Tee .’ 1890, ~:~ 1641 ~:~’,~63[":" 1219

Minimum Water Surface Elevation

Ref. Nov Nov Dec. Dec. Aug.    Sep.No. Oct 1-15 16-30 1-16 17-31

2 1,84 1.78 1.74 1.8 ~’ "1.78 1.74 :

4 1.78 1,72 !.88 ¯ 1.74 ~’ 1.71 1.68 ;: ~ 1.71
5 1.76 1.65 ; !.61 1.69 ~. ~.66 1.61 ,    1.65

~ ~1.76 1,66 ~,~ 1.61 1.69 "’. t.66 1.62 " ,1.65
1.67 1.54 :.,., 1.5 1,59 ’,1~6 ," 1~48 ’~. 1.53

9 1,72, 1.55 ~ "1.5~ 1.61 :,:.’!.5B 1,45 1.52
10 ~,56 1.42 ~: 1,37 1.48 ~; ~’~45 1,33 ~ ?

1~ 2.24 1.92 ~... 1.88 1.96 ~:;" 1.94 ¯ 1.68 ;...: ,1.8
13 ." 1.7 1.59 ~,. f.55 1.63 ; ’ 1.61 1.52 ~,"

15 .’2.86 2.26 ~’~.’~.22 ’ 2.27 ~:~2.25 I,gi
16 3.44 2.57 ~, 2.53 2,56 ~ :2.53 2,11
1~ 1,97 1.81 ~" 1.77 1.83 ::’ %8 1.73 j,

~ 3,4t 2.66 :,"~:. 2.62 2.66 " ’ 2.63 2.28 ,,,,’< 2.4t
.... 19 9,06 6,4 ~ 6,3g ~, 6.07 t~..6:~ 4.52 ~F:4.58. ,,,

Minimum and Maximum Velocity
Ref,      Oct, Nov. 1-15 Nov. 16-30 D~¢. 1-16 i Dec. 17-31 Aug. Sep,

No. MAX. MIN. MAX. MIN. MAX. MIN. M~. MIN, J M~.    MIN. M~.    MIN, M~.    MIN.

~ .;,~.:~.~ :~.;~ ~ ~,~ :~’~=~.;.
0.4 -0.5

~’:~";~ ~:~=’~ " ~ ......
0.4 ~, ,.~.=~.= ,., ~. 0.4 -0.5

":’;:0.:~ ~;" 0~5" ~,>,,,,;

0.4
0.~ -0.4 ..............~.,-,,,,.-, 0.~ -0,~ .:~ ;~’~: 0.~ .0.4 .

6

~ ~:~.:~:~ ~"’+~’:~ ++~:~+~:~:+~+~.:~:~ "’~.; ~0:~ ~ ’ 1.2 -0.1 ~ ~~
9 r+ ~..~’+~ LI+’F.P+~: +0~ ~"" 1.0 "0.3

~:~0.7~.~:+,N~:~O ~.?.: 0.8 -0.5 ..?+~ ~i~~ ~1 1 , ..1;0+++’++: ,.0.5 .., 0.9 -0.2 .0.4 ~+’+3 ~+0~+ + O..B .o.e~-.~0 9,.~.~,.vo~,1 :~, -. 0.9

~ : +:~,+ ~.::~+~:~+:+; ~.3 o.+ ~’,.,~+:++~:+++,~+~:o.s... . ;.~ 0.7

~ ~ :+.~:: ....::~:+" ~.; -;.o ’"t.~’:’ +,~ :,’:::+.o ;.~ -~.o . ~:+"’ ++++.++~ ++o::~+.o -+.m

~ t,. 1,e " .’+.8 +.3 +.~ 1.~ + , I.~ ;,2 +.+ 1.2 +,+.,",,1.2 :: " 0,9 0.7 .~.~+~,+=+.0.?,

C--08i425



+ 1 Average Net Flow

. JIn June July

I I 6290" 7724 14415 24701 11431 2568 S97
i

T -2414 .2905 -3681 .5581 .3455 .1792 .1022 St"Existing Demand Case (Run 420)~ ¯ u~y
-1477 -1692 -1641 -2073 -16~4 -1421 -10~2 Base Condition Without~ ~261 3302 ’8054 10471 7573 2697 1419 Representative Wet
’-503B" -4941 "’~-~4, 3367 ~05 -4401 -~0S                             Year

2 ~3 ’ 23 ’ ~5    30 " 23    1 9 I 8 CIIfton~

Rel. Jmnuaw ,Februaw Ma~h April "Mgy Juno July

� 087426
C-087426



Average Net Flow
TABLE A3o6 CONT.

Ref.
Oct Nov Dec. Aug. Sep

No.

~ -892 -2324 200? -393 1573 ¯ Existing Demand CaSe Study (Run 420)
~ -476 -593 .-1216 -643, .1434 Base Condition Without ISDP

~
-B24 -1006 -1188 -904 o1274 Representative Wet Year (1982)

~ -4179 -5482 , -5565 -4006 -4665

~=’~1~5 = 1400 ~.,’~:,~395~ 1435 ~ .2e60’
, ’., ,.

~i=:144~ . 1625 ~:’~622:" ’ 2409

Minimum Water Surface Elevation

Ref. Oct " Nov Dec. Aug. Sep

" 1 ,1.94 2 ::.. 2.3I " 1.96 " ’ 2.02’
1.7B 1.85 ~:~2.1B 1.79 ’~: 1.86

~ 1.71 1,7.9 ; : 2.I2 1.72 :

~ 1.72 1,79 ,.,,’2.f2 t.73 :

~ 1.65 1,73 , :, 2.05 1.66 ;.

~ " 1.53 ’ 1.6 ..... 1.92 1.54 1.78

I~ ~1.99 . 2.06 :; 2.31
~

2 : 2.~.

1 7 1.79 1.86 ~:/":2.18 1.83 2.07
~ "~49 : 2.54 ," 2.8 2.75 ."3.93

Minimum and Maximum Velocity
Ref. Oct. Nov. Dec. Aug. Sep.

No. M~. , MIN. MAX. MIN. MAX. MIN.    M~. MIN. M~. MIN.

I ::~I~;~.:~1;3;, ~.2 .~.4 F~ ..... 2:~ .~,I,4.., 1.2 -~.3

3 ~: ~:~.~:~,+~+.~;~+ +~ 0.1 -0.3 ~, ~+.~:~ :;~.+0+~ +. ~ 0.1 -0.4

/ ~ .. , ~ +,:~ +...~ .....
~+~ 4.~++ ;+:++,;~u;+-+,+:+ 0.4 .0.4

~ ~+: ,0.~:~++:++"+.1+3.~ 0.7 .~.s -;.3

~ ~’~.~7~.~0,0. ~ 0.7 -0.4
~"=~: ~:~’~:~:<~’~::

13 .,’0:~::~/~:~::~: 0.6 -0.7 ~’( ~;.’~"~0.7;:~~ .0.6    -0.8

~ :.: ~,~:~. ,:" o.o ~., o.~ :/-~.~ ~;~::~ .;;~:o.o~:: ~.~

C--087427



Figure A3-8 ~
Future Demand Case - Base Condition
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Figure A3-9
IFuture Demand Case - Base Condition

River Flows

¯
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Figure A3-10
Future Demand Case - Base Condition

Delta Exports
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Figure A3-11
Future Demand Case - Base Condition.

Delta Inflow and Outflow
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I
Average Net Flow

TABLE A3-7
May MayRef. Jan    Jan Feb. March April 1-20

21-31 June JulyNo. 1-16 17-31

Future Demand Case Study (Run 411)
~1 -1~3 -2157 -1663 -2503 237 -113 ~1244 210 -843 Base Condition Without ISDP
~ -371 -101 o168 , -718 -196 -74 -253 -365 -287 Representative Critical Year3 -630 -575 -605 -1038 -430 -349 ~390 ’-665 -738 ¯

4 14 " -11 ’52 194 ’ 455 38~ ~04 78 -161

5 -3~9 -3259 ~3281 -5873 -1520~-1183 -~59 -3049-3752

6 -2329 -229S -2324 -4008 -’11~5 -923 ’~946 -2235 -272~ . 1 . ¯
~ ~’-3~77 -3885 -3902" -6997 -1~56’ -1293 ~86= -3485 -4283 ~ ~ .,~:.,
~ "1769 - 1762 ~7~3’ 30~2 :B~7" 619 ~6~2.. 1521 !850 ." :L ...... ’

9 696~ " 696 "~9 "’ 1116 -11~2 ; 962 ’ ; 965; ’ 746 :’ 392 ,....~, ~    ’ ,

~ ~’~’~"~ ~o ~/~o~: ~e ’:!~e ~o~ =404 2~ :.~.-=4’:~ :-:.~:’~..,- "; .....

~2 ~=o ~2o ~,~44. ~s ’~6 ~o~ =oe, ~s3 ,"~s~ .... ::"’::~." ~2 ,’,~oe
1 4 -7 -7 ’-~.O"," -37 ’~9" " 51 ~751 37 ::’.23 ¯ . . ..~ ~-~....~
1 5 ¯ 814 814 .,~20 1307 ~96 1372 "~;1376 1228 ..842 3_1~ 81~ " 816 :1024:1309 !501 1380 " .1384 1242 J r 857" ~, " ’~’" ~

~      " "" ~ "~

1 7 --68 ’ -68 ......,;25 ~ -203 371,, 331 "~’~’2e 30 -186 ..... ,~ ’ .,~:~ ........
~ ’;~3 " " -63 ,;’;13 -205 407 , 379 : 375 96 "-1’17 ’~ Stoc~on

Minimum Water Surface ’Elevati°n 7            ,~. ,... ,.,.        River
May MayRef. Jan    Jan Feb. March April 1-20 21-31 June JulyNo. 1-16 17-31 Clifto n~ "

co ~t ~ 14~ ~ 8
1 2.0 2.0 2.0 ~.0 2.0 2.0 2.0 2.0 2.0 Forebay ¯ ~9 . .... 1~ .....

~ ~.e ~.e ~.~ ~.~ ~.~ ~.e ~,~ ~.~ ~.~ 10~ ~ 15
3 1.7 1.7 i.7 : 1.8 ’1.8 1,8 1.~ 1.8 1,7 . 16 ,

~ ~.7 ’ ~.7 ..’.~.T’ ~.e .~.~ ~.e ~.e ~.e ~.7 12 ,.. . ....
s ~.7. ~.~ .~,~,~, ~.7 i~ ~.~ ~,’~.~, ~.7 .~,~ .....

7 ’ 1.~ 1.6 ~.I~6 1,6 1.7 1.7 ’:~’1.7 1.6 ’1,5" l ." ’~’
8 :1;5 1.5 .~,1.5 1.5 :1;7 1.7 "~:1,7 1.6 -~.5 California~ - -~ ¯ ’ .;:’~ Deltl-Mendot =
9 ~ "~/:6 " " l 1’5 ~1:6 1"5 " "1"8 " 1"8 ~’:1"~ " 1"6 "’ 1:5" ~duct Canal ,.
~o ~:~:s.: ~.4 ~.s’. ~.4 ~;~ ~.7 -’.~:7 ~.s .~’~4

~ ~.~ ~.e ".~.~ ~.e :~.~ . ~.~ ,’:~.~ ~.~ ~:.~ 19 L
1~ 1.~ 1.8 :l:e 1.8 .,L’I 2.1 ",=.1 1,g 1.7 Note: ~ ~d~ate down,tin d~¢~n.
~ ~ (.~’ ~.6 .;:~.~: ~.~ :~.a ~.7 -.j’.7 - ~.6 ..t.6
~ ~.0’ , 2.o ,.~.o ~.o ~.=." ~,~ , =.~ ’ ~.9 ~.v

5 2,1 2.0 ¯ ~.1 ’ 2.0 ~.4 . 2.4 ~,4 2,1 1.9
~ =.= ~.2 " ~’.~"- 2.~ ~.7 =.6 ~.7 ~.4 2.~

8 2,4 :.. 2.4 ’~:4 2,4 2.6 , 2.7 ¯ ~7. 2.5 2.3,
9 -’,4,0 3,9 ’    4,5" 4,6 6.~ 6,0 ~6.0 5.2

Minimum and Maximum Velocity
Ref, Jan. 1-16    Jan. 17-31    Februlw March April May 1-~0 Mly 21-~1 ,June July

1 ,’!.~ ...’. ,1.3,., 1,2 -~.4 ~t.2’.." -1;4 .~ 1.2    -1.4 1,t" ,:" -1.4 1.2 -1,4 ,:~!,~ ,,:~1,~ ~ 1.2 -1.~

~ ::"~,4:.~"~:~:~’.;;~ 0.3 -0.4 ::0.~. ,,.;0.4- : 0.4 -0.4 .,:0.~,’:’ -0,~": 0.4 -0.4";":~:4~<~0,4:~;’~ ....." ....... 0.4 -0.4
...... " ..... " ...... "’" ~ :-’ ................ ’ -,0.7"~: ,’~:~ ~’:"

~ .’,o;~ ~’.:.-o:s’: .. 0.9 -o.s :~:~;~~;~:~:;~ o.e -o.= :: ~.~-;:~;.:~.s:’ o.~ ,o.z "?o;~.,~:,,o;z:~ o.~ -o.e
~ ~:.~;s,:.~.~:~o:~; o.~ .o.~ ~o.e..’, ,~,7., o.~ -o.s :., o;~.:." ..,o.~ o.~ -0.7 : ~’~:~ o.s -o.,
~ :?~.4.-:.:"L~.s’: o.= .o.~ "~~’":o.e ; o.= .o.7 -::o.S;’:’:o.s:: o.~, -0.4 ~L~ o.s .o.~

~ ’.t.~ .....0.~ . ~.~ .oJ .:I’.=. " 0:2 ~.3 0.~ ~.s~ , 0.~ ~.4 0.~ ~4,,.~’0.~:~ ~.3 -0.2 ":~.~.."
~ :’,I.1 ~ .’I’1.,. = I.~ -1.1 1.1 , " -I,1 1.0 -1.1 1,2.                                               . -I,01,2 .I,0 ,,I~2, : -I;0.. 1,1 ,1.1 ..I’03. -I,2:, ....

8 O~ " " -I,1 " 0.9 -I.1 0.9. -I,1 ; 0.8 -1.2 1.1" .-O.B 1.0 -0,8 .~:0": ~’~;9,’~ 1.0 -I.0 0.9~, "
~ 0.7 0.5 0,7 0.5 0;8 0.7’ 0.9 0.8 1,3 1.1 . 1.2 1.1 %2 1,1 1.1 0,9 0,8 ¯ 0.5

C--087432
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Average Net Flow
TABLE A3-7 CONT.

Future Demand Case Study (Run 411)
Base Condition Without ISDP
Representative Critical Year (1991)

I
Minimum Water Surface Elevation

I

I
Minimum and Maximum Velocity

MAX. ~ MAX. MIN. MAX. MI~ MAX. ~N. MAX. MI~ MAX. MI~ MAX. MI~

1.2 -1.3 1.2 -1.3 1.2 -1.3
0.4 -0.5 0.4 -0.5 0.4 -0.$
0,2 -0.3 0,2 -0.3 0.2 -0.~ ¯
0.4 -0.4 0.4 *0.4 0.3 -0.4
0.9 -1.1 0.8 -1.3 0.9 -1.1
0.9 -1.2 "0.8 -1.4 0.9 -1.2
1.1 °1.9 0.9 -2.2 1.1 -1.6 ¯
0.7 -0.3 0.9 -0.2 0.6 -0.$
1.0 -0.8 1.0 -0.7 1.0 -0.6
O.B" -0.7 0.8 -0.6 0.7 -O.B
0.9 -0.6 0.9 -0.5 0.9 -O.B
0.3 -0.1 0.3 -0.1 0.3 -0.3
0.6 -0.7 0.6 -0.7 0.6 -0.8
0.5 -0.5 0.4 -0.6 0.5 -0.5

1.3 0.0 1.2 0.2 1.2 -0.6

1.0 -1.0 0.9 -1.1 0.9 -1.1
1.0 O~8 0.9 0.7 0.7 0.5

C--087433
C-087433
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Average Net Ftow
TABLE A3-8 CONT.

~ -473 -104, - Future Demand Case Study (Run 411)

¯ .847 .814 ..263:c Base Condition Without ISDP
~ -lOS -11o~ -lO8 Representative Dry Year (1981)

-20~

-626,

o,
169

-117
-12

1191
1201
-287

1037

Minimum Water Surface Elevation

!
Minimum and Maximum Velocity

Oct. Nov, 1-1S Nov. 16-30 Dec, 1-16 Dec. 17.31 Aug. Sep.

MAX. MIN. MAX. MIN. MIN. MAX. MIN. MAX. M~N. MAX. MIN. MAX. MIN.

1.2 1.2 -1.4 -1.4
0.3 0.3 -0.5 -0.6
0̄.1 0.1 -0.4 -0.4 ~ll
0.4 . 0.4 -0.3 0.3 -0.4"
0.7 0,7 -1.5 0.4 -1.4
0.8 0.7 -I .5 0.4 -1.5
0.9 0.8 -2.6 0.4 -2.5
1.0 1.1 -0.1 1.2 ,-0.1
1.2 1.1 -0.2 0.9 -1.0
0.8 0.7 -0.4 0.6 -0.9
1.0 1.0 0.0 0.8
0.4 0.4 0.1 0.3 -0.2 []
0.6 0.6 -0.6 0.6 -0.8
0.5 -O.S 0.5 -0.6 0.3 -0.7

1.7 1.3 1.6 1.2 1.0 ,-0 4
2’.0 1.6 1.9 1.4 1,3 -0.3
1.3 -0.7 1.3 -0.9 1.0 -1.2

C--087435
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-Average Net Flow
TABLE A3-9 CONT.

Ref. Oct Nov Dec. Dec. Aug Sep.
No. 1-15 16-31

~ .s45 .1709 -2651 .94 ~ -2~67 -B49           Future Demand Case Study (Run 411)
, 2 -759 ’ -861 -618 -1170 -596 -378 Base Condition Without ISDP

-~ -1023 -1090:1108 -1167 -1080 -739 Representative Below Normal Year (1966)
4 579 1250 " 1124 1136 -273 . -41

~ -~753 -4739 -5171 -5132 .6340 -3793
6 -3302 -3290 ~:-3535- -3569 " .43~2 -2704

-
~ ,.58~0 . -5649 ’~;~,15~’ -6143 ; -7380. -4~57

8 2455 . 2512 ~,’2729 2736 ~ .3174. 1972

12 "259 : 322.~’299~:~""=:": 304 ~,,’,~56" . 150

Minimum Water Surface Elevation

Ref. Dec. Dec.
No. Oct N~v Aug. Sep.1-15 16-31

~ ,1.77 1.84 ’ 1.78 ~.82 ~" %7, 1.77

~ 1.71 1.78 ~,1.72 1.75 ~.: t:~ 1.71

~ 1.71 1.78 ;, 1’.72 1.76 ::- 1.64’ ,1.71
5 ’1,65 . 1.72 ?: 1.66 1.7, ~ 1.62 1.64
6 1.65 ’ 1.72 ~: 1.67 1.7 = 1.62 1.65
7 1.54 ’, 1.63 ~ 1.57 1.61 1.51 1.52
8 -1:48 : 1.58 ~, 1.52 1.55 L’:~.~4" 1.46

1 0 " 1.42 1.53 ~:~I.~7 1.51 ~’=~ :1.36 1.38

14 2.~5 2.54 ~’,’,:2.45 2.48 ~;’~1.68., 1.87
1~ ~41 :’ 2.92 L"~75 : 2.78 ~;,’,t.83 1.98
1 6 2.8 . 3.52 ~ 3.31 3.34 ~ , 1.~9 2.17

18 ~95 : 3.47 ~:3.29 3.32 :,,’2.t6 . 2.34

Minimum and Maximum Velocity
Ref. Oct. Nov. ~c. 1-15 Dec. 16-31 Aug. Sep.

No. M~. ¯ ~N. MAX. MIN. MAX. MIN. MAX.    MIN. M~.    MIN.    MAX.
1 :;,::lJ’;,~:~ ~1,~’;~ 1.2 -1.4 1~4:’.~" 1.2 -1.3 ;~’~r ~<~:~ 1.2 "1.3

~o,4,~. ~,~ ,~:~ ; 0.4 -o.3 o.4
S    ~: 0.~’.’,~ ;;1;3~~ 0.7 -1.4 0.7 -1.4

0.8       - 1.4
~ :~.~:e~.~ :~,~ o.e .~.s o.e .~.s .~.: .. ~ o.e -~.o

17 ’i~.=" "-.-b:9’. ~.4 -O.e ’.’::~,~’.4,:: ",:::’~.s’: ~.4 .0.7 ;::’~’:= ;~;~;~’f~:’:: ~.0 .1.1
~e .1,t ,-o.e’ ~.3 -0.4 .::: :I.~:" .:~-O,S ~.3 -0.6 ". ~.=,,. :~:~,.~;:,~ 0.9 -~.~
~ ~.~ ’ :~:4 ~.9 ~.9 "~ ~.e ": ’ ~.s ~,e
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I
Average Net Flow

I TABLE A3o10
May MoyRef.l Jln Jon Feb. March April 1-20 21-31 ; June July

No. 1-16 17-31

C--087438
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Average Net Flow
TABLE A3-10 CONT.

Future Demand Case Study (Run 411)
Base Condition Without ISDP
Representative Above Normal Year (1957)

-192
.6241
-4276
-7268
3130
866

161.~

172
-116

1223
1233
-271
-220
1086

Minimum Water Surface Elevation

Ref.
No.

1.65

1.63

~ t.48 1.45
9~ ~ .56 I
1._.~_0 ~.42 1.37

1.~2 ~.92 1.67
1._.~_3 ~.59 1.54
1~4 !.08 1.72

I,__Z_.7 .61 1.69
1_.L ~.65 2.23
1 9 ;.35 4,42

Minimum and Maximum Velocity
Oct. Nov. 1-15 Nov. 16-30 Dec. 1-16 De(:. 17-31 Aug.            Sep.

MAX. MIFL MAX. MIN. MAX. MIN. MAX. MIN. MAX. IBN. MAX. MIN. MAX. MIN.
1.2 -1.4 1.2 -1.3 1.2 -1.4 .
0.4 -0.5 0.4 -0.5 0.4 -0.6
0.1 -0.4 0.2 -0.3 0,1 -0.4
0.4 -0.4 0.4 -0.4 0.3 -0.4
0.7 -1.5 0.8 -1.3 0.4 -1.4
0,7 -1.5 0.8 -1.4 0,4 ;1.5
~).8 -2.6 0.9 -2.2 0.4 -2.5
1..1 -0.1 0.9 -O.2 1.2 -0.1
1.0 -0.3 1.1 -0.6 ’ 0.9 -1:0
0.7 -0.4 0.8 -0.6 0,6 -0.9
0.9 -0.2 0.9 -O.4 0.8 -0.9
0.3 0.1 0.3 0,0 0.3 -0.2
0.6 -0.7 0.6 -0.7 0.6 -0.8
0.4 -0.6 0.4 0.3 -0.7
1.3 0.9 1.3 0.7 1.0 -0,3
1,5 1.0 1.4 1.3 -0.3
1,1 -1.0 1.2 -1.0 1.0 -1.2
1.0 -1.0 1.0 -0,9 0.8 -1.2
1.3 1.2 1.2 1.1 0.9 0.7

C--087439
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Ref. March
TABLE A3-11

NO. Jan Feb. April May June July

1 6558 7258 14254. 24679 11059 2429 558
~ -2486 -2738 -~317 -5606 -3474 -1798 -1057
T -2090 -1669 -1428 -110e Future Demand Case Study (Run 411)
T 2356 2842 6228 10458 7539 2666 1432 Base Condition Without ISDP

~ :s018 .8179 ..s,..~2~ 31~0 ~s~ .~0~ .3~s~ Representative Wet Year

~6 -8~0 -3937 .v’~21 1375 -124 -3233 -2879
7 ~’6336 -6381 -1121’ 3048 266 -5191 -~556

T 2933, 2974 :851    " .926 193~      2275 1992
9 2379 2911 ’ 5664. 10675 ¯ 8873 3567 "2287 1
10 "353: 385 20~~ 2222 1594~ 381 ./" ’ .

313. 401 ~;~-’~ 2280 ~t.732~ 557 "j~" "’.

1~ "~,~:’-~; 42 ?~k’~?~ 818 ’:~e11"~ 151 ~’8~ : ........

i

ls -~3~’: 334g :,~4~’..13813 1"1~72 4542 3007

--                  :’:"17 :’7~ 1438 .4862 8613 6878 2350 ".1255
1 8 76~ 1440 "4941 ". 8985 7184 2440 1331

~1~ 3406 4847 13275 23135 189~1 7189 4~62
Stockton

.

Minimum Water Surface Elevation 5 ~
~ 1~ ....

No. Jan Feb. March April Mly June July
¯ River "

2 ~.~, ~.~ ..’=.~, ~.o ~.~ ~.~ .~.~
Clifton_

~ :~.z ~.~ .";=.s ~.o .,,z’~ ~’" ~’~ court ~ 14~ 8
~ 2~ 2.3 ~5 3.0 2.2 1.8 1.8 Fore bay ~9 1 1

5 2.2’ 2.2 ~ 2;4" 3.0 2.2 1.8 1~7 ’~ , lO~6 2,2 = 2.2 "2.4 " 3.0 2~ = 1.e 1~7 ~..

~ 2.0 . 2.1 :~,5 3.3 2.4 " 1.7 ~’
9 ,2.~    2.2 2.9 ~ 4.2 ~.2 1.S :i,7~, Tracy
1~ 2.5,’= 2.7 ,:~,3 6.3 .5.1" 2.7 ’=~=~ California
2 ~5. ~ 2.7 "’~,3 6.2 ~.0 2.6 ’:=.~. Aqueduct Delt=-Mendotl~ , .. " ¯ ~nal

~ 2:~.; 2.2 ,=:S, 3.~ -~:~ , ~.s
~4 .,2,s, ~.~ "/~~ 7.s ~e:~= 3.0 ~::~.=" 19~
15 ~;0;’’ 3.4 r~’6.6:~ 10.0 " ~.~’" 3.9 2’.9~ Note: ABO~ i~lte do~tBIm direc~n.

9 8.4 10.3 18.1 ’ ~4.7 ~2~0 12.8 9.7

Minimum and Maximum Velocity

Ref. J~nuary Februlw March April May June July

No. MAX. M~ MAX. MIN. M~. ~. M~. ~ M~ ~ MA~ ~. M~.
1 ":.:1~3. ": ~-1~3.’ 1.3 -1.3 . .1.3.’ ’ :.~1~’. 1.4 -1.1 ’.~1;3 ’ -1.2 1.2 -1.3 :~ 1.2:

~ ’~;’~:;:~:~..~ ~o.~ -o.~~ .,~’.~;.:-o:~:’: .o.= .o., .~:~..0.~ o.~ -o.~

~ ".o;a~s’: o.7 -2.s

5 ,..1:6: ’ I;2 2.0 1.6 3.7" 3.3    5.1 4.8 4.6 ’4.3 - 2.6 1.8 ~’, l~g~,’.
6 ~0 "- .1;5 2.4 1.9 ’~:3 4.0 ’ 5.9 5.~ 5.3 =. 5.0 3.0 2.3 2.3 ,.,
7 1.3- , -0.8 1.5 -0.5 2.7. 1.6 - 3.9 3.0 ~.4     . 2.5 1.8 0,3 -. 1.4,’:

1~ i,2 ~,7. 1.4 -0.2 2.6 : 2,1 3.5 3.3 3.2 ’ 2.9 1.8 1.0 1.4,. -0.1.
9 1.7 1.6 . 2.1 2.0 3.4= 3.4 4.5 4.5 4.1 4.1 2.5 2.5 2.0 ..1

  087440
C-087440



~verage Net Flow
TABLE A3-11 CONT.

Future Demand Case Study (Run
Base Condition Without ISDP
Representative Wet Year (1982)

481
-389
-280
-453
I99,~
141~
139

144(~
258
°68
36

1911
1920

" 340

1792

Minimum Water Su~ace Elevation ~

Ref,
No. Oct Nov D~. Aug.    Sep

1.671.71

-- g~ 1.4~ 1.41 ~ ~ :~

18 2.58 2.75
5.85 ~2~ 6.84 I

Minimum and Maximum Velocity
Oct. Nov. D~. Aug. Sep.

M~ ’MI~ M~. MIN. M~ MI~ ~. MI~
1.2 . .1.4 1.2 .1.3
0.4 -0.5 0.4 -0.5
0.~ -0.3 0.~ -0.4
0,4 -0.4 0.4 -0.4
0.7 -%5 0.7
0.7 , -1.5 0.7 .1.4
0.8 -2.6 0.8 -2.1
1.1 -0.1 1.0 .0.1
1.0 -0.3 1.1 -0.8

, 0.7 -0.4 0.7 -~,8
0.9 -0.2 1,0 -0.6
0.3 0.1 0.4 0.0
0.6 -0.7 0.6 -0.8
0.4 -0.6 0.5 -0.5
1.2 0.8 1.4 0.6
~.5 0.S ’~ ~.6 0.9
1.1 .1.1 ’.;’~ 1.2 -1.0
1.0 -~.I ; 1.1
1.2 1.1 ~ 1,4 1,3

C--087441
C-087441



Figure A3-12
PROPOSEDFoR FINALBARRIERISDP EIR/E|sOPERATION

OCT
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Figure A3-13 ~I Existing Demand Case - Percent Difference
’between ISDP and Base Condition

End of Month Storage
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i 20
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F̄igure A3-14
Existing Demand Case- Percentage Difference’

between ISDP and Base Condition
River Flows

San Joaquin River at Vernalis
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-20,

Month
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Feather River Flows
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Figure A3-15

I "Existing Demand Case - Percent Difference
between ISDP and Base Condition

Delta Exports

!
Total Pumping at SWP
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I
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I
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!
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Figure A3-16
Existing Demand Case - Percent Difference

between ISDP and Base Condition
Delta Inflow and Outflow

Total Inflow to the Delta
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20
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Average Net Flow
TABLE A3-:I 2

April Aprl! May MayRef. Jan Jan F~b. Marchl 1-15 16-30 1-20 21~31 June July
No. 1-16 17-31

~ ,-5 -27 -27 72 9 69 52 51 . 12 -93 Existing Demand Case Study
~ "59 "53 O61 "148 "51 "631 "S93 "sO1 "157 .le7 Difference Between ISDP and Base Condition
3 4 " 2 6 58 -16 °403 -402 -398 -ST -SO Without ISDP (Run 413 - Run 420)
4 90 90 ’ ~7 153 ’ 141 1445 1377 1378 440 393

~ -235 -234 -~49 -368 *I06 -883 -828 -833 -335 -57S
Representative Critical Year

~6 68 65 ~              e6260 -33 -553 ~.~555 -555 -105                   ~ -144
7 -~98 -401 -417 -~33 -176 .1157 -1081 -1080 -576      -903                                   ,

1 9 0 0 . ~1 0 0 0 ,’0 0 O’ 0

~

:’.-’ . Stockton

¯ .. , ". ...... River...
Ref. Jan Jan Feb. March April April May May 7 ~

~
13No. 1,16 17-31~ 1-15 16-30 1-20 21-31 Juno July ’"

~ 0,0 0.0 ’0.0 0.0 0.0 0.0 .0.0, 0.0 0.0 0.0 Court ~ ~ 14.
2 0.o o.o 0.0 o.o 0.0 o.o o.o o.o ,0.0 o.o Forebay L~.. " 9 11

3 o,o o.o ’,.o.o o.o o.o o.o o.o o.o 0.o o.o. ’" -.~. 15~ o.o o.o ,0.o o.o o.o o.o ~.o o.o "o.o..’ o.o 10~ ~:~ ,"’*’, .... . 16
~ o.o o.o ~o’ o.o o.~ o.o o.o" o.o :~.z -o.~ .. "’~. 12 ~..~. :.

6 0.0 : 0.0 "".~.0 . 0.0 : 0.0 0.0 ’ "0.0:’ 0.0 ~,1 " -0.1 -.. ~-,
7 o.o o.o .o.o o.o . :.o.1 .o.~ .o.~ .o.~ .o.~~ .oJ Tracy
8 = 0,0 " 0.0 ,~0.0 0.~ ’ -0.1 -0.1 .:~’~ ’ -0J "~.2.,, -0.1 I .’ " ,"

9 O.1 0J OJ 0.~ ’ 0.~~ ¯ - " .... -,’... ~ ’ " Aqueduct     Delta-Mendot a
10 0.0 . 0.0 "~.0. ’ 0.~ .1.3 ~.0 .’0.9 0.9 2J : 2.0 Cznal "~,., "~-

13 0.0 0.0 ;.0.0 0.0. ".:2.3 ,.. 2.~ ,’~1.’: 2J "’2;2 2.0

~ o~ oJ ~:~ . o.~ ~ o., .o.s ..o.s" .o.~ ~’;s~, ~.s
~ o.~ o.~ ,~.~ o.~ ~.a’, -o.~" :o.~ -o.~ ~:.~’~ ~.~
1~ o,o, o.o :’b.o’ o.o 0,o 0.2 o.2 0.2 ’~,o . o.o
8 0J 0.~ "~O.~ 0.~ " 0.~ ~ .4 ,’ I.’4, " ~.4 0,5 0.4
s o.o o.o ~0.o’ o.~ "-o.~ o.s 0.9 o.~ o:~: o.~

Minimum and Maxlmum Velocity

Ref. J=n. 1-16 Jan, 17-31 Febru=ry M=rch April 1-15 April 16-30 May 1-20 Mly 2%31 June July

No. M~. M~. MAX. MIN. M~. ~. U~. M~. ~ M~ M~ ~’ ~. ~. M~ ~. ~ U~ M~.

1 ~ 0,0 ,:-~:O.0~’~ 0.0 0.0 -’0.0’:.:~’0.0":.~= 0.0 0.0 ,:0.0,...’:~=0.0 ~ 0.0 0.0 ",~ ~:O~ 0.0 0.0 ~=’,0;~ ~0.0;..~ 0.~ 0.0
= o.o..:’..:~o~o:,~ o.o o.o,:’.:~.0":::;.:~:~=~;~ .o.~ o.o,~:~:~:~;.:=~ .o.~ -o.~ :~ -o.~ o.o ~ :~;o .... o.o .o.~

~ " ~:~ o,o -o.~ ~ ;~ o;o~ o.o o.o
~ .~ 0.0 0.0

~ ’~ ........ :"~""~’ ~ ~ .o.= .o.= ~ ~,’~; .o.~ .o.,

~ ~’~;~’~.,~’~:.~.~ o.o o.o "r0.0: ,,0.0’’~ 0.0 "0.~ "~’~=’’~’~.O"~ "0.~ "0.~ "~,~ "0.~ "0.~ ~ ;~=’~; 0.0 0.~

9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0~0 0.0 0.0 -0.1 -0.1 -0.I ’ ,-0.I , -0.1 0.0 ~.1’" " 0;0 -0.1 0.0

C--087447
C-087447



¯ ~verage Net Flow                                                                                                          I
TABLE A3-12 CONT.

Ref. i Nov. Nov. Dec. Dec.
No. Oct. Aug. Sep,

1-15 16-30 1-16 17-31

1 5~    .is .1~5 ..27 .6~ -38 . Existing Demand Case Study (Run 413-Run 420)
Project-Base (Difference) Demand Condition

~" -~os -3~ -~s -~ -s -~ .~os Representative Critical Year (1991)
~ 1413 . 1045 t045 85 , 84 390 440
~ ..871 -940 -938 -279 -276 -314 ’ ~352

~ -536 -490 -491 37 "= 35 -192

-86

Minimum Water Surface Elevation

Ref. Nov Nov Dec. Dec.
No. Oct Aug. Sep.

1-15 16-30 1-16 17-31

1 -0.O2 0 ~ 0 0 ’ + 0 -0.02 ~: -0.02
2 -0.O2 : " 0 ~. O 0 = " 0.01-0.03 ~-0.03

4 ~=-0.02 ’ 0 ~’~ O 0 . 0= -0.04 ~ -0.03 I
6 ’~0.03 " -0.0; ’/,-0.0! 0 ~’.. 0 -0.~3 ’’:r’5.~2

~ :~:o.oq -o.os ~;-o.os -o.o~ .~.. o: -o.~ ~;.’.-o.~

10 :::I.D9"’-0.06 ~’.-0.07 0.02 ~ ~.01 2.13 ~ 2.22

~ 0.~2 ’ 0.78 ~:r. 0.76 0,05 ":~:~ ’ 0.42 ~ 0.~6

Minimum and Maximum Velocity
Ref.     - Oct.        Nov. 1-15     Nov. 16-30      Dec. 1-16      Dec. ~7-31 ~      Aug.            Sep,+

~o;o.~+~+~ o.o++:+ o:o    .o.2 ~:~o+~ 0.2,,~+" o.~,    -o.+

1

C--087448
C-087448



C--087449
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Average Net Flow
TABLE A3-13 CONT.

Ref. Nov Nov Dec. Dec.
No.

Oct Aug. Sep.
1-15 16-30 1-16 17-31

1 -1602 944 . ss~ 9~7 996 ¯ 2 -3o Existing Demand Case Study (Run 413-Run 420)
2 -1581 -1276 -1259 -40 -41 o171 -17~ Project-Base (Difference) Demand Condition
3 ’-697 -413 -420 , ~ss ~s2 ’-70 ’,-~os Representative Dry Year (1981)
4 2786 2617 ¯ 2604 158 " 158 442 ’ 458

~ ’-3881 -1050 -1046 696; 700 -373 -394
6 ~1868 -317 ,-315 669 665 ’~ -57
7 ";4827 -1470 "-1470 709. "..’707 -650 =,,-6"51

Minimum Water Surface Elevation

Ref.
Oct Nov Nov Dec. D~. Aug. Sep.No. .1-15 16-30 1-16 17-31

1 -0.07 ~.05 ~ 0.05 0.04 " O.04, " -0.02 . -0.02
2 -0.06 , 0.04 ~ 0.04 0.03 :, O:03 -0.03 ~-0.03

~ -0.05 0.04 ~. 0,04 0,04 ;" .0.04 ~ -0.04
4 -0.05 0.0~ ~ 0.05 0.04 ~ ’~.04 -0.03 ~’-0.04
5 -D.12 0.02 " 0.02 0.04 ~ 0.05 -0.15
6 -0.11 0+03 .0.03 ’ 0+04 . O.04’ ~ -O.11 :-0.12

’ Minimum and Maximum Velocity
Ref.       Oct.        Nov. 1-15 I Nov. 16-30      Dec. 1-16       Dec. 17-31         Aug.            Sep.

~. MIN. MAX. MIN. MAX.No~ MAX. MIN.    MAX. . MIN. ,, ,

~., ~ z,. ,: o.o o.o

1’~, ~:; ~ 0.1 ¯ ,’; o.1 0. ~ ~:,~;~ ~.,:~ = ~::~..:~ 0.0 0.0

-0.6 0,2

C--087450
C-087450





Average Net Flow
TABLE A3-14 CONT.

Ref. Dec. Dec.
No. Oct Nov Aug. Sep.1-15 16-31

1 .261 ~-2ooe -e95 .754 49 .21 Existing Demand Case Study (Run 413-Run 420)
2 -1130 -1598 -219 -244 -212 -176 Project-Base (Difference) Demand Condition
3 -446 -721 o21 -16 -60 -92 Representative Below Normal Year (1966)
4 2152 2719 ¯ 93 ¯ 95 46t 454

.__L_5 -2034 -4189 -1337 -1338 -444 -406
6 .798 ,-2002 -279 -277 i’.= 11 -108
7 -~626 ~ .5222 -1770/ -1764 ~’.~764 ; -676

~ ~.:~e’"-~9s ~.:~ .~ ~::-~d~~ .~

Minimum Water Surface Elevation¯

Ref. Dec. Dec.
No. Oct Nov Aug. Sep.

1-15 16-31

~, 0 -0.05 ~ 0.01 0.02 ~;:0.02 -0.01
2 ¯ 0.0~ -0.04 0.0~ 0.0~ ~’-0.01 -0.03

~ ~’0’.o~’,’ -o.o= : -: o o ’~. ~o.o~ ¯ -o.o~
4 " 0.01 -0.04 0 0.01 :. -0.03    -0.03
5 ,’-0.~ -0.08 0 0.01 ~ -0.13 -0.15
6 .-0.07 -0.07 :~.       0 0 ’’-0.1 ~’ -0.11:r o

~~;~= -o.~ ~ o.o~ o.o~ ~ ;~.o~ -o.~
9 .~0.1    -0.2 : 0.14 0.14 ~,’t.57 1.6
I0 ~ 0.’73 : -0.14 . 0,03 0.03 ~:" ~,08, 2.24
11 ’ -0:3’ ’: -0,69 :’. 0.11 " 0.11 ~, :~’,61 ’ 1,64
12 ~0.14 -0.74 : 0.09 . 0,1 p.: ~..81 1.93
13 ’~:79.: -0.~ "0 0 ~:’ 2.07 2.3~

I~ -1.22, : -1.96 " 0,06 : 0.06 . 1.37 1.42
17 o.~s’ ," o.64 ~. o.o~, o.o~ :~ o.o~ o.o~

~~ : ~.6~ ~, o.o~ o.o~ ~.’::~.’o.a~’,,, ~ 0.4

Minimum and Maximum Velocity
Ref, Oct. Nov, Dec. 1-15 Dec, 16-31 Aug, Sep,

M~, MIN. MAX, MIN, M~, MIN, MAX, MIN. MAX, MIN. MAX, MIN.No.

0.0 0.0 0.0 0.0

.~.~;~ ,0~1%~ o.~ o.~ ~o~(~.~:0.0. .:~ o.o o.o ~o;o~;,:~.0..I.%~ o.o o.o
T ~’~0~:~<~ ;0,4:,, 0,0 .0.6 ~.~].~:~:~:,;0.’4:,~ 0,1 .0.4

~n~.,.n=1~=,,~

0.0 0,1

:,~:T~ ~.z~ .o.~ -o.~ ~o.o:.~, o.~ o.o ~ -o.7 o.~

~o;a~ .o,e’.’; .o.2 -o.3 ;~:~;~o.~.~,:::¯ o.o
~0.~.:~’:; 0,.1~:, 0.0 ;0.6

~,’~o~.". ~;~o;~ -o.s    o.o

~ .":~:~:~.:~’: ~’~:-~.o -~.~ ~:~:~0:~":" o.o .o., ~o;4"=~..o.=’:..~. -o.4

I~    -0.2 :~.I -0.2 -0.2 0.0 - 0.0 " ’ 0.0 0.0 ~::0.~:~f"""~:~:’~ -0.~ 0.0

C--087452
C-087452



C--087453
(3-087453





Average Net Flow

NO.    Jan     Feb.    March           May     June     July

1 1478 3008 74 52 1B1 90 32

~ -59 109 -55 -76 -91 -148 -287 Existing Demand Case Study
3 217 373 =,85~ 7 54 73 -85 Difference Between ISDP and Base Condition

T le-~ 156 .’6~ 134 lOS 8~ 634 Without ISDP (Run 413 - Run 420)
T 1028 2s90 -.52 .38 22 -27~ -~34 Representative Wet Year
~ 1020 1909 89 -73 115 245 -!02

7 1086 2980 .-16 84 , 93’ -426 .-844

~ -946 -~553 :::,31 216 -33 -345

.,. . -240 =-199 -93

Stockton

Minimum Water Surface Elevation

No. Jan Feb. Mlmh April May    June    July                              ’~ ......                   " River

Minimum and Maximum Velocity
Ref."    Jinulry February March April May Juno July

~ o.o ’o.o. o.o o.o o.o ,o.o . o.o o.o ~.o o.o o.o o.o "’~’~..:’~:~:

C--087455
C-087455



Average Net Flow
TABLE A3-16 CONT.

Ref.
No.    Oct Nov Dec. Aug. Sep

~
58 -2034 -1964 . 34 -2~-~2 Existing Demand Case Study (Run 413-Run 420)

-64S -1013 -276 °267 -2e4 Project-Base (Difference) Demand Condition
-293 -sos -~7 -gB -lS~" Representative Wet Year (1982)
1341 1578 67 599

-1607 : ~.:~ ~ .:~,. .... 616 ~. ~29~

~l’~’" 0 ’ o ~"~:-:,o"", ’ o ~:: 0 ,

Minimum Water Surface Elevation

C--087456
C-087456



Figure A3-17
Future Demand Case - Percent Difference

between ISDP and Base Condition
End of Month Storage
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Figur~e A3-18
Future Demand Case - Percent Difference

between ISDP and Base Condition
River Flows

San Joaquin River at Vern~lis i
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Figure A3-19
Future Demand Case - Percent Difference

between ISDP and Base Condition
Delta Exports

Total Pumping at SWP
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Figure A3-20
Future Demand Case - Percent Difference                               "~

be~een ISDP and Base Condition
Delta Inflow and Outflow
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Average Net Flow

Ref. Nov Nov Dec. Dec.
TABLE A3-17 CONT.

No.
Oct Aug. Sep.

1-15 16-30 1-16 17-31

1 84 -ge -a92 -9~ -196 -1~6 -aoe Future Demand Case Study (Run 414-Run 411)
2 -S13 -600 ":°544 -91 -73    -169 . °232 Project-Base (Difference) Demand Condition
3 -398 -354 =,’-356 -17 -18~ -~S~ . -’~8~ Representative Critical Year (1991)
4 1420’ 1016 ; 10~4 82 . 80 350 ’ "
S -829 -1284 .1~8~ -441 -43g -565 ~ ¯ -912

~ :~o~. -~4~ .;.~?~ -.~ .~ -~o

::V103 ;,

Minimum Water Surface Elevation

Ref. Nov Nov Dec. Dec.
No. ’ Oct Aug.    Sep.

1-15 16-30 1-16 17-31

I -0.02 0 ;:’.-0.01 0 0 -0.03 ~-0.02

3 -~.02 0 ~,-0.01 0 , 0 -0.06 ~;;’0.0~,.
~’, p0.01 04 -0.02 0.0~ 0 -0.04 t~-0.04

5 -0.04, -0.02 ~,’-0.02 0 ~,0 -0.~8 ~.

9 ’ ;0.05 , -0.09,.,-"~?~0"~9. 0.1’ ’0.09" 1.57 :t’"1:58.-.
~"t~8. -o,os ~[-o.os., 0.02 "0.02 2.0e ~, ~.~

13 ~.19’-0.05 :~:’,0,05, 0 -0.01 2.27

17 :.-O.le. o.~3 ,:..’;o.13 " o.o~ o.o~" -o.o~ ~";;’::’~:"

Minimum and Maximum Velocity
Ref. Oct. Nov. 1-15 Nov. 16-30 Dec, 1-16 Dec. 17-~1 Aug. 5ep,

::,=o,o.~, .o~,.., o.o -o.~ ~:~:,o.o~ o;:~:~,:~, o.1 o:o o.o o.o

~ ,~[~i~; ~:.~:~:’~ o.o -o.4 ~-...:.o.o,~;, 9~,;k o.1 -o.3 ~[~;~ ~-.-;,,.o.1 o.o
-...�. ~.~ ~. 0.~ ~:,,.~, 0.1 .0.I -0.I 0.1
¯ %~::~ ....’,:~ ~ .o.3 o.1 .~5 ,P.~k:.~ -o.I .o.4 :...~=,.,. ,,.,,.. .....o.1 .o.~

~,.-o.e:’.;;~ =o1:,. o.~ .o.~ :.:c:;9~!:~:; ~,,:~.~..~"o.~ o.o ~ ~= -o.7 o.~
~.0.~,t ,0.2 ,. -0. I

~ .;"kq.37:L:~[~ : .1.1 .o.~ c1,i"’.:~’:~’:?~:~ .. o.o .0.3 ;~;:~.~:; -o.w ~.3 ..~.:< ~.~;. .....

1 8 3.0,6.        , "’,"1.3 : 0.4 0.6 0.4
L

":" ’ 0"8 r 0.0 0.0 ::~d~0.0~’O,j~ 0,0 ..:~ 0.2 0.1
1 9 -o.1 ’ " -o,~ " -o.~ o.o -o,~ ’~ ’.~~.o o.o o.o .. o.o ¯ "- o.o ¯ o.o o.o ";7o.0~-@;:,0

C--087462
C-087462



Average Net F|ow

L
m

Ret. Jen Jen ’ ApH! Aplll Mly Mey

F~ure Demand Case Study
2 ~227 -217 ~8    -109    -46 -1090 -806 -820 -176 -361

~
T -25 .33 187 75 -8 -619 "-497 -492 -75 -1~2 Difference Be~n ISOP and Base Condition

~r ~ 93 91 166 130 135 2385 " .1828, 1832 451 507 Without ISDP (Run 414- Run 411)
T -1507 -1508 804 36 -101 -1450 .1~07 -1114 -358 -1~57 Repmsentative DW Year

6 -327 -334 795 287 -23 -919 -702 -703 -106 -193
~

~ -1997 -2006 ~E03 -77 -1~8 , -1856 ,~f433 -1435 -578 -1629

~
8 ~.-3~ -39 "-765 -361 ~177 388 , 2~0 . 273 ,’-1"6~. -245

++ Minimum Water Su~ace Elevation

o.0 0.o :~, 0.0 0.0 : + 0.0 o.0 " ~+~._ _ ; +.
~ o.o o.o .+o.~ o.o ~: o.o o.o;;:o.o o.o ~.o o.o
4 O.0 0.0 .0.~ 0.0 , 0,0 0.0 " 0.0 0.0

~ ~.o o.o "o.o o.o ;o.+ .o.+ :-oJ .o.+ ~-+.m .o.~ -: + ,,’

o.o o.o :.~.o o.o : ~.~ +.~ >+.+ ~.~ ++’o.m o.a

Minimum and Maximum Veloci~

No. M~. ~.~ ~M~ ~N. M~. M~. ~ MAX, ~ ~X.

+~ ~ ’~< ~+~ 0.0    -0.1

~
++++o++++ +.~+++~ o.+ .o.++ o=+.~.+ o.,.o.+ +++~ ~+ o.o .o., ~+~ +++++ o.o o.o .o.+

~ , ~.o:: ::~:0 " o.o o.o 0.o o;o o.o o.o o.o"":.o.o: :- -o= -o.~

C--087463
C-087463



Average Net Flow
TABLE A3-18 CONT.

Ref. Nov Nov Dec. Dec.
No.

Oct Aug.    Sep.
1-15 i6-30 1-16 17-31

~ -1035. 179 , 157 34 , , 26 148
~ -1509"-1332.-1308 -142 ,-130 -269 -271 Project-Base (Difference) Demand Condition
~ -637’ .4~3 , .~99 e~ "~.7~ .3e -~52 Representative Dry Year (1981)
~ 2741 , 2584 2571 1"13 1il . 508 ;"~,458

~ -1523, ’-749 ’."~747 241 ~:=’~’36 ~’ 168

-521

~I" "o:".:~ o :~’:"0,’ : o Z~’~o :’: o ~"o’~

,
Minimum Water Surface Elevation

Oct    Nov    Nov    Dec.    Dec.    Aug.    Sep.Ref.
No. 1-15 16-30 1~16 17-31

1 0.12 , 0.18 ~;~ 0.18 0.19 ~r:~r, 0,2 ~." 0.21
~ ~o.~: o.o~ ~o.o~ ~: 0.09 ~’r’O.O~’,’,’ 0,0~

~ ’ o.o~..: o.o, ~:"~.o~o.o~~, o.o~’.: o.o,
.o.~: .o.o, ~:.:o.o~. ~~,o~ .o.,,o,o~ ~:.~’-0:~,.~.,,,.:~.oi "~ o.~ ,::"’~.~; o.~ ~,::~:~:,~ .o.o~ ~;.:~o.o~,
,-~’~ ’~ 0.02 ~’~:0~’, o.o~ ~:~:’o:~:" ", -o.~
...o:~; ~ .o.,, ~.F~::~ ’ ~:::~;o~,,, ..o.~,-o.o~ ~h~~0,~

~ ~:,, :o’~, ,.~
~ 6 .o.~I’ ; -0.4 ~"~:~o.4 ....~.~ 1.74

Minimum and Maxlmum Velocity
Ref.       Oct. Nov, 1-15 Nov, 16-30 Dec. 1-16 Dec., 17-31 Aug. Sep.

No. M~. MIN. MAX. MIN, MAX. MIN. MAX: MIN. MAX. MIN. MAX, MIN, MAX, ’ MIN,

;:~;~o, ~ ,’..~; o:o -o.~ ~b~ 0.2,~ , ~ ,~’~ ~ . . ~,.~ o.~ "
,,., ~ ......o.~ .o,~ ~t~ .o.~ .o. ~ ~ .o.~

.o.~ .o.~ ~ .o.~

is

18 " o.s :~.,,,,, 0.0 0.4 -0.~ ’,:’0.4 ":" ",;-0,~, -0.~ -;,2    -0.4 :,~’,-2.2 0.2 ,
19 " t.6 1,6 1.5 1.5 ’ 1,5 " 1.5

C--087464
C-087464



Average Net Flow

280 1539 399 1 120 ~0B 119 36 -622
¯ 165 -38 -88 -37 .!176 -907 -923 -181 -425 Future Demand Case Study
107 230 87 -2 -646 -518 -512 -72 --470 Difference Between ISDP and Base Condition
136 1B0 137 126 2551 2016 2023 457 495

Without ISDP (Run 414 - Run 411)-170 1139 97 -’106 -1562 .1247 -1255 -370 -1685
¯ ., Representative Below Normal Year

~:373 1210 ,-20’~ ~ -179 -1998 -1616 -1619 -599 -2259

-25 22 ":.12",. -5!5 .639, -566 ’ -579 -203 -190 "

~.;~ .~s :.~.. -~ :~~. -’.’"~...." .~....,. . ..    -

Minimum ~ater Su~ace Elevation ::: ~ ~ ....... : 17~

Jan Feb. M=mh 1-15 16-30 June July ’ m r "

0.~ . o.~

o.~
0.1

o.o o.~    o.o .o.~ ~o.~ -o~ .o.~ -o.2 ;o.s 12 " -.,
0.0 0.1 , - "0.0 -0.~ -0.~ -0.~ .~.1"’ -o.I -0.3

o.o o.o o,o o.o. ~:~, ~.3 ~.~. o.~

Minimum and Maximum Velocity

:.0.0 . 0;0 0.0 0.0 .:’~.0 .~ ’0.0.,~ 0.0 0.0 ,- 0.0 :~ 0.0- 0.0 0.0 "-.0.0~:~;0.~:~ 0.0 0.0 .~.0~’:.~0.0

¯ OJ ~’,:, ~,~.I" 0.2 -0.1

C--087465
C-087465



Average Net Flow
TABLE A3-19 CONT.

Rel. Dec. Dec.
No. Oct Nov Aug. Sep.1-15 16-31

~ ~18 .,999 -938 .876 .324 -132 Future Demand Case Study (Run 414-Run 411)
2 :t036 -1869"’-222 -237 -343 -225 Project-Base’ (Difference) Demand Condition
3 -.42o -744 ~-23 -17 ’.-~2 -~20 Representative Below Normal Year (1966)

,’ 4 208D 2847 ~.~ 100 102 ~ 465 447

~ ~518 -4265.-~61 -1362 " ~118~ -7~8
", ~o~, -~o~ ~,~.~ .~ ~" -~.0~, .~55

11 ~465~ -2514    a~:~ -123 -141

~ ;~;,~.~.:
-79 .~5.’~.~: 26 ~,~7~:,’: -90

Minimum Water Surface Elevation

Ref. D~. Dec.
No.

Oct    Nov Aug. Sep.
1-15 16-31

1 ~ 0.01 "" -0.05 ~, 0.01 , 0.01 e~ ,0,02 -0.01
~ .~:~o:,, -o.os ~, o ?,,~o.~2,~ -o.o2

~
-o.o~ ~..o~ o ~)o~;, ~o.o~

~ ~’.o.o~ ....o.o~ ~o o ~O~: -o.~s

-o,~ ~o.~: -o.o~ ~ : -o.~3

11 ~:.~0,2S’.~ -0,74 0.11
+~’0.25 ,,. -0,78

++:+:~+~’+-o.~m o.o~ +: o+o~ :.: ~.~+

Minimum and Maximum Velocity
Ref. Oct. Nov. Dec. 1-15 Dec. 16-31 Aug. Sep.

No. M~. ~N, MAX. MIN. M~. ~N. M~. MIN. M~. ~ ’ MAX. ~N.

~ .....
~% ~: o.~ -o.~ o.~ -o.~ ....... :’~ "" ~ o.8 -o.~

~ ~ ~ ~ ;~: -o.~ -o.~ ~
~:~ -o.~ .o.~ .o.~ o.o

~;I ~N t~;~[i -0.2 1.2 -0.3 1.1
~ ~.~ ~:~ .o., -o.~ ~ o., . .o.~
~,~ ~ ~ .o.~ . o.s ~:~o.o o.~ o.o o.~

~ ~
-o.~ .=.~ -o.s

T -.~ ,;~ o.~ . o.~ ~ ; ~
o.o o.o o.~ o.~

~o~,~ " ~ ~ -o.4 -o.s -o.~ .o.s .o.~ o.~
~:~ ~.~:; .o.~ o.~ .o.~~ 0,2., ~; :~ 0.~ . .o.=
"- ," ~;~, -0.4 0.5 0.3~, . ~...~-o.~ 0.~ ~..~-0.4

0.2       0,0                                    0,0

~ ,~~:o’ ........ ~.~ 0.5 ~ -o.~    o.,
~ , ~;~;,;].3, . 1.1 1.7

C--087466
C-087466
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Average Net Flow
TABLE A3-21 CONT.

ReI.
Oct Nov Dec. Aug. Sep

"No.

Future Demand Case Study (Run 414oRun 411)1 28 . -2045 -2094 51 -2000
T -610 -1061 -283 -261 -636 Project-Base (Difference) Demand Condition

3 -311 -621 ..1~ .96 .~38 Representative Wet Year (1982)
4 129,3 1676 , 66 595 801

~ -992 -3575 ~2412 -4~9 .3074

Minimum Water Surface Elevation

Ref.    Oct    Nov Dec.    Aug.    Sep
No.

3 -D.02 -0.05 ~.:..0.04    -0.04 ~ -0.0B

Minimum and Maximum Velocity
Ref~ Oct. Nov. D~. Aug. Sep,

No. MAX. MIN. MAX. MIN. MAX. MIN. M~. MI~ MAX.’ MIN.
0.0 0.0

C--087470
C-087470



i~" ’1
Figure A3-21

Existing Demand Case - Percent Difference
~ between Fisheries Alternative and Base Condition
~ i End.of Month Storage

1
Shasta Lake

15

| -
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Lake Oroville

20
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Figure A3-22
Existing Demand Case - Percent Difference

between Fisheries Alternative and Base Condition
River Flows

San Joaquin River at Vernalis

"
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-- I Figure A3-23
Existing D~mand Case - Percent Difference

between Fisheries Alternative and Base Condition

i .= Delta Exports

Total Pumping at SWP
2O
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Pumping at Tracy Pumping Plant
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Figure A3-24
Existing Demand Case - Percent Difference

between Fisheries Alternative and Base Condition
Delta Inflow and Outflow
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Average Net Flow

..... TABLE A3-22
Ref. Jan Jan Feb. March April May May June JulyNo. 1-16 17-31 1-20 21-31

__+ ,-76 -14s .sB ~z 39 -~e -2s -~ ~’9 Existing Demand Case Study,
--2 :20 -10 -21 -41 -10 5 5 3 50 Difference Between Fisheries AIt. and Base Conditi
--3 -23 -21 ’-22 .’23 -3 2 1 4 72 (Run 454 - Run 420)

4 -21 -22 ’ -1 23 18 -18 .17 ~33 34
~ .1as .~o .~ -~os ~2. -~7 ~a -7~ ~s~

Representative Critical Year

~ -107 -106 "-88 -73 7’ -11 ;12 -g .~14

~ -~gg -199 ~167. -126 .15 -20 .-21 -69 679
’88 [ . 81.. 82 .? 68 55 ’ -6.~ ~ 9 10 .-242

1~ -33 -33 + 0 -+ P 34 -48 +’~8’ -B+ +’-16 " "" Stockton

Minimum Water Su~ace Elevation ":

May May June July 7Ref. Ja, Jan Feb. march April 1-20 21-31
No. +-16 17-31                                                                                                   ,         ..

1 0.0.+ 0.0 0.0 0.0 , 0,0 0.0 . 0.0 0.0.. 0,0 Court =~+::~. 14~ ~8
~ 0:0 0.0 ~0.~ 0.0 "0.0" 0+0 ":.0.0 O.0 "0~ Forebay

~ o.o o.o :~.o , o+o,o.0 o.o .o.o o.o. o.~ ’+. .-~-+ o.o ~ o.o .o: o+o o.o + o.o o.o, o.o -.o.o- 10 ’
5 0.0 0.0 ".,0.0 , 0+0 0,0 0.0 ..:0.0 " 0.0 ,0,0. +" .

~ :+.o o.o ’~0.+.o.o , o..o o.o +’o.o . o.o ..+.G" +"
~ +.0,: o.o ’:~. o,o .’;0.o : o.o ’++0:0:= o.o ::~.~ Tracy

9 ~0~0 0.0 +, 0.0 o.0 0.~ .J 0.0 0.0 o.1 +’0.0. C=lifornl=

2 0:0+ 0.0 %0~0 0.0 ’+:~0+0 0.0 .0.0 o.0 ":0.0+ ~ ;+,.

~s ~:~o’". o.o ,;o.o,. o.o ,o.o’. o.o ,o:~ o.o o.o,

Minimum and Maximum Velocity

~’ef.I Jan. 1-16 I Ja.. 17-31 February March ~rll May 1-20    May 21-,11 June July

No. M~X.

~ .-o.o;.: ,,:~o,o:.~ o.o o.o ~o.o:..~+~.o".~ o.oo.o .,~.o~o~-.:.:o;~.,~ o.o o.o
- . +,J .,+. + ~..,. +, ... -, p~%+~+~. , ,~:=

~m~+’~’+++~=; ~-~++..

lO +m0~:#:~O:+:.+ o.o o.o

++ ,:. o.+.+.;,
~ ....... ., - ...... = ..~:,,.,~~s
~ o,o~
1~ o.0 0.o -. o.o o.o
1 9 o.0 o.o o+o o.o 0.0, o.o o.o o.o 0.o 0.0    o.o    o.o

C--087475
C-087475



Average Net Flow
¯ TABLE A3-22 CONT.

Ref. Oct Nov Nov Dec. Dec. Aug. Sep.
No. 1-15 16-30 i-16 17-31

1 ~ 103 -5 -117 -7 -245 -721 40 Existing Fisheries Alternative Case Study (Run 454-Run 420)
2 -681 -559~ -527 -68 .197 -~82 -32 Fisheries-Base (Difference) Demand Condition
3 -370 -302 -309 4 -72 -152 20 Representative Critical Year (1991)
4 1419 1046, |046 71 291 -40 54

5 °895 -940 -939 -272 -693 .-1381 -93
6 ";482 -482 ’-484 . 50 ":-159 -701

i, 113

7~ -1179 -1225 -1227 -426 :~’-931 -1734 -t96
8 =.’1’97, 207 ~.. 204"’ ¯ -174 ,,,’ ~10 412 ~ -192
9 -118B -874 .7874 -101 ~","364’. 27 ~,’’-8’1

14 -.~7,’’~ -44 ~’:,’,, 6 "~":~

Minimum Water Surface Elevation

Ref. Oct Nov Nov Dec. Dec. Aug. Sep.
No. 1-15 16-30 1-16 17-31

1 0 0.01 ~, 0.01 0.01 ~ O.01 -0.02 0.01
2 0.01 0.0~ ~: 0.01 0.0~ ¯ 0.02 ,-0.02 " 0.01
3 0 0 ~’ ’0 0.0~ ~ :O.0~ -0.02 ~ 0.0~

~ 0.01 0 0 0.01 : 0.01 -0.02 ~ 0.01
5 .0.02 -0.01 ’., -0,01 , 0.01 ~                  ..0"02-0.02 , = 0.01
6 0 0 ~..:.~ 0 0.0~ ~:. 0.01 -0.02 . 0.01
7 -0.05 ~ -0.04 ~;;.-0.04. 0 ~’..0.02 r "’0.04 "0.01
8 "D.07 "0.05 :. "0.05 0 ~ = 0.03 "0.05 ~ "0.01

1 0 "0.09 "0.08 ~ .’0.08 0.01 ~.’ 0.04 "0.05 "0.01

1~ ’’0.43 "0.37 ~’ ~0.37 "0.02 ;~ ~0.05 "0.09 :0.03
12 ’’0.5 . "0.44 ~:’;0.44 "0.06 ~’. 0.03 "0.13 ~ "0.06

~13 .~0’1~ "0.1 ~., "0.1, "0.05 ~ "’0.03 "0.OB , "0.05
~4 ..-o.6~. , .o.ss ~:--o.ss -o.~z ~"~0"bs, ,..-o.~ ~ -o.t4,

1~ -0.84 ,0.72 -0.71 -0.08 ¯ 0.07 -0.17 ~ -0.09
16 ;1.16 -0.97 " -0.97 -0.06 ::,. 0.18 -0.16 ~ -0.08.

17 0.2 0.14 ~,: .D:14 ’, 0.0t ; :. ~.04 -0.03 ¯ 0.01
18 1.42 1.1 ~., 1.08 , 0.02 ~,~’0.22 -0.09 ; 0 ’

~ o,~2 o.>s ,~.o.~ o.oz ;~ ~.~V .o.os ::o.o~

Minimum and Maximum Velocity

Ref. l Oct. Nov. 1-15 Nov. 16-30 Dec. 1-16 Dec. 17-31 Aug. Sep.

INo. MAX. MIN. MAX. MIN. MAX.. MIN, MAX. MI~ M~. MIN. MAX. MIN. MAX. MIN.

~.~O,( ~,;~ ),O .:..~ ,,,~..~:.~:.-:o,.o.=.: o.o o.o ;~;o~o;~;: ;~:o~o~o.o o.o
~~"~:"’~ ,,-,:~" ......

.,,
~’~:~"~: ~;~.~:.~.

,~:~.:~~.:~:o.o,~. ,, o.o o.o
~,’:~0 ~.: :~:..:: 0.0 ,~: :0.1 0.0 ~0[.]~ ~. 0.O ,;, 0.0 0.0 ~,:~ = ~.,~,,~.~,. ......... 0.0 0.0 :~;0;( ~t;~ ~O;,,,:

~ ~.~ ~,.~,.’~.~ ,.~, ~.~ ’~.~:.’:

~ : .,o.4:::"~::::=:~’~ ::: o.~ o.~ ::~:’..o:~.: : o.~ o,o o.o ¯ ~o.~,..= ~-.,:...:o.~ ....o.o o,o
~ O~, :.~.~, " o.~ o:~:,:,~:.0:~.:::~/"0.6 o.o o.o .... o,~ ,~.~o.~ ~, o.o o.o

C--087476
C-087476
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Average Net Flow
TABLE A3-23 CONT.

Ref. Nov Nov Dec. ~)ec.
No. Oct Aug. Sep.1-15 16-30 1-16 17-31

-1423 145 116 942 ,, 958 14 36 Existing Fisheries Case Study (Run 454-Run 420)1
T -1580 -1373 :1348 -43 -41 -76 .41 Fisheries-Base (Difference) Demand Condition
~ -670 -487 .~93 ~ . ~ss 37 ~0’. Representative Dry Year (1981)
~ 2783 2622 "~ 2608 129 129 , 75~ ",58
~ -3705 -1946 " -1942 666 ~ ,570 -270 -151~

~ -4607 -2529’ -2’529 680 ~= 678 ’ -450
~ =’e48""’ 231 ~,.~’924 -627 "~.,-’829 , -~77

"~8~’. -2349 ~2345,’,~ -268

Minimum Water Surface Elevation

Ref.
Oct Nov Nov Dec. Dec.

No. 1-15 16-30 1-16 17-31 , .Aug. Sep,

1 , .0.05 0.03 0,03 0.04 0.05 0.01 ~ ~ 0.01
2 -0.03 0.02 ~, 0.03 . 0.04 ~.’.,.0.04 0.01 ~, 0,01
3 -0.02 , 0.03 ~’;0.02 0.04 ~,, 0.04 0.01 ~ ":0.01 "
4 -0.02 0.02 ~"0,03 0.0S L 0.05 0.02 ’’.0.01~

~ ’~0~$..~ o.o~;~:,o.o~o.o, ~: o.o~ o.o~,.
7 i~,,0.14 .0.03 ~0.02 0.0~ ,~,0.04 , 0.02 ~: ~ 0

~ r.:~,~S , "0.0~ :":0:0~. 0.0~ ~:":~:0S~" 0.0~ ~
9 ’ ’:;0.28 , -0.16 ~0 16 0.04 0r4 0.02 ~:;,’=

1 0 .’0J8 "0.06 ~’"~0,06 0.05 5 0.02 ~’:0.01
~ ,o,7~ ~-o.e~ ~:,:.o.s-’ o.o~

~’.~o
-o.o~ ~-o.o2

~ :,o.>~ -o.~e .~i:~O~e ,~-o.o~ >;:~:os -o.o~ ~"-~.o~
13 ;~0’,18 -0.09 ~’:"~,0~OS -0.01 ~0.01" -0.03 ~’~.05

~ :.i~~ -~.~ ~L,~ -o.~ ~.;-o. ~ .o.o~
" ~0.o7~ :..-~.~ -~.~ ~ ~eT .o.o~ ~2:02o~ -o.o~

Minimum and Maximum Velocity

Ref.       Oct. Nov. 1-15 Nov. 16-30 Dec. 1-16 Dec. 17-31 ’ Aug. Sep.

No. MAX. MIN. MAX. MIN. M~. MI~ M~. MIN. M~    MIN. M~. MI~ M~.    MIN.
~ r.,~,~o.o, ~’:. ~o.o :,, o.o o.o ~t ~u.o::, o.o ’ "~ ~" ............ ~ ...... ~: ~=~

~,.,::~;~.2~;~’:.~0,7.::.~.;,,.,..~ ;:~,~....
.0,I .o.s ~?:~ ~;s,.~; 0.1 o.o

:~,¢;4 :’~,.-0.4~.; -0,3 -0.5
~

~,. ;~, 0.0
~ ~~"

~ "~.0 " " ~.~ - o.~ ~.~ ~.~:~.o,:~::.~::=:~ o.o o.~ ~.::=::B:~"~."~:"~:;~.’:~ o.o o.o ’~:~’ ~’"~’~

C--087478
C-087478



Average Net Discharge

May June JulyRef, Jan Feb. Mirth April M 0
21-31

1 2654 1090 -731 684 514 382 48 47

~ 27 .4s -136 , s -1 14 ,-6s .153 Existing Demand Case Study ~

I 3 367 189 -36 117 9S 101 ~48 67 Difference Between Fisheries AIt. and Base Condit~ 181 127 S~ S3 , 63 S3 5S ~0~
(Run 454 - Run 420))~ 2164 764 ’-~66 539 ~17 409 ;,178, -449

~ 1626~ 752 ~283 461 400 406 140 303 Representative Below~Normal Year
~ ~ 7 2438 787 ~1279 594 438 43g " -30B -717

I 8 ~1359 -696 ,-45 -376 " -35B -356 %237 -521
9 -~49 -283 L1~1 " -194 "~’-159 -159 "-105 -146

1 0 107 96 .~..~7~ ’ e3 ~69 58 ¯ ~- 32 -. 41 1 ’ ~"

Rel. Jan Feb. April M~Y0
21-31~

Ju~e July "

~ ~ 9:~.. o.~ . ,o.o o.o o,o , o.o , .~:o o.~ : ~.,
~ o.~ o.o 6~o’ o.o o.o o.o "o.o o.~ 7 ~ 13

I ~ 0., o., o.o o.o o.o o.o..::o:oo.,
~ o.1 , 0A o.o o.o "0.o" o.o ~o.o o.o .... " ......... ~    , ~ .

~ ’o.~ o.o U;~.f o.o ~:o;~:, o.o .;’~.o o.o
~’o:~" o.~ ..:;~: o., .:~.o ~ 0.o ~;’~.o= o.o
~ ~-"0.~’~

".’:,. , Tracyo.o . :,;o.1. o.o .’.’~.o .: o.o "~’~"~.0’" ~ o.o ~ ."~..~;~-~ o.o .:.’~:o;~. o.o .:.:~.~ o.o-:~:~.,- o.o
~nal

~ ’~;;.’ o.o :o.o o.o ’.’5.~" o.o ";"~o" o.,
~ o.~. o.~ >o:o’... o.o..o.o: o.o ;o:o - o.~
is o.o’ o.o "o.o o.o o.o " o.o o.o o.o ¯

I                                              Minimum and Maximum VelociW

Ref. Jlnulry February March April       May 1-20    Mly 21-31 June July

~ No. MAX. M~. M~X. ~N. M~. M~ M~. ~ MAX. M~ MAX. M~ M~ ~. ~X. M~.
1 ~, O;Q~’d" 0;O~d 0.0 0.0 0,0 ~...0~0’ : 0.0 0.0 .-0.0-’~.0.0 :-: 0.0 0,0

;.-:~.,.~,.,

~;-~:~.;:~:, o.~ o.o ~..o.~’:q::~o o.~ o.o ....M~:’~;.0"~ o.~ o.o ~..~...o.o..~ o.~ o.o

I

~I.&b’ "o:o’ o.o o.o ’o.o 0.o: o.o o.o 0.o o.o o.o o.o ’.~=o:-’.’~o.o.; o.o o.o

C--087479
C-087479



I
Average Net Flow

I TABLE A3-24 CONT. am=
Ref. I

No, Oct Nov ’ Dec. Dec.
1-15 16-31    Aug. Sep.

i~ -126
-1969 °628 -759 ’ ~13 ’ 32 Existing Fisheries Case Study (Run 454-Run 420)

.1155 -1619 -206 -223 -1 -56 Fisheries-Base (Difference) Demand Condition

~
-419 .721 2 9 , 32 33 Representative Below Normal Year (1966)
2t56 2734 66 67 ’i 96 70

’-1943 " -4,79 -,237 -,239 ~"-515

~
~6~2 ’:-2001 "~’..212 -209 ~: :t16 140

’ ,~’4~. :~ 1073 ~ ,’100 -96 I:,=;327, -268

I

,̄... ., ,o I
I

Minimum Water Surface Elevation

Ref. Dec. Dec.    Aug. Sep.
I

No. Oct    Nov 1-15 16-31

1 0,02 -0.05 ’, 0.02 0.02 ~. 0.03 0,01
2 "0.03 , -0,04 0.0~ 0,0~ ~ ~’ 0.~ 0.0~
3 0,03 -0,04 ~ 0.01 0.0~ ~ 0.01~

0.0~ I4 0.03 .0.03 :" ~ 0 0,01 ~ ~:0.01
s -0.os .o.o~ ::~o.o~ .o.o~ .~,.,o.~ o.o~
s :o.o~.~ -q.os ~’o.o~ o.o~ ~?~:~.~ o.o~~

s ":~o.os , -0,~2 "~ 0.0~ 0.0~ ~ 0,0~ 0.02
~ .~o.’t8: ", .o.2s :,:’?~ o’ :o ~..o.~ o,o~

12 ~0.56 ’ -0.82 ~’-0.06. -0.05 ~,;’L0.02 -0.05

14 ;-0.73 -I.02 ~ -0.~4 -0.23 ~,.~-0.O7 " -0.13

~!:,~;~’:~ ~.se ~:;’:o,,’; o ~:~’o.o~ 0.03

Minimum and Maximum Velocity
Ref. Oct. Nov.         Dec. 1-15      Dec. 16-31 Aug. Sep.

No. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. M~. MI~ MAX. MIN.

~ ~o.0: ~ ~o~o~ o.o o.o ~a,~ ,.o,o ~: o.o o.o ~~,~.~’. o.o o.o.
~%~;~3~a.o~;~ o.o~ o.o

4 ~:~ ~o.~;,; o.~ o.~ ~o~ ~,o.o.~ o.o o.o ~~:~;~ o.o o.o
~-O~ ~ ~0~6~: 0.0 -0.6 0.1
~,~;.o~ ; ’~.~:~ o.o -o.4 ~ o.~
~~:~<~’~; ~ =~::~""~ ~3~

~.~;~,..;:: 0.2 -o.= ~~ ..... o.o

. "~ ~ ~,~:.~ o.o ~ "    ’~ o,o .o.~
":. o.o .o., o.o o.o

16 ’.’"~1.~; ~ ~ .1~2 " -2.0 -1.7 "~;0.O :.-O.1 , 0.O -0.1
~0.O~::~0,2:,:’~~.~.~_~:;,,~,.. ~.: ~.

0.1 -0.2 I~ ~0.e:.:~:,~.’ ~.o ~.~ =~..~.0.~:~.~ o.o o.~ ~G~0~;~;:~:~:~~ o.o o.o
~ -o.~~" ;=~’-o.~" .o.~ -o.~ ’~:’"o.o ; ’, o.o o.o o.o ~~:6.6~:;~o~’’ o.o o.o

C--087480
C-087480



Average Net Flow
TABLE A3-25

Ref. Jan Jan                          May May
No. 1-16 17-31 Feb. March April 1-20 21-31 June July

1 13B7 1413 1050 .217 745" 603 660 75 -261 Existing Demand Case Study
T -so -,s -so’ -+09 ~0 -is ,-~s -s+ .204 Difference Between Fisheries AIt. and Base
T 235 227 ~ ’1~1 30 143 +10 ~10~ 7+ 14 Condition (Run 454 - Run 420)
T

’.~o~

s~ Representative Above Normal Year

No.; 1-16 17-31 Feb. March 16-30 1-20 21-31 June July

4 o.~ o.~ ::o.o o.o . o.o o.o ?:o,o o.o ~:~,~ """ ’ _~
~ ":~"-::,~ 15

~0,~ 0.0

Minimum and Maximum’Velocity
Ref. Jan. 1-18 Jan. 17-31 Februery Merch April Mly 1-20 Mly 21-31 June July

++++ +++++m+++o.o o.o++ +o.o.+.~o.o o.o ~+~ ++o.o o.o ~+

! ++ ++ o., .o., ++++o.o .o., ,+ +m~+ o.o o.o    + ++ o.o o.o
i

I
:’+++’++ ..++,-,+,o.o o.o + ++ o.o o.,~+M .....+ .o., o., + +~+ o.o o., .+

C--087481
C-087481



Average Net Flow

Ref. Nov Nov Dec. Dec.
TABLE A3-25 CONT.

No. Oct Aug. Sep.
1-15 16-30 1-16 17-31

~ -2,122 95 56 ’ 64 53 t5 32
2 -15B7 -997 .970 -82 -75 -132 -52

~3 -703 -338 °347 S0 45 59 1"3~ Existing Fisheries Case Study (Run 454-Run 420)
4 =2748 1851 . 1847 82 , 82 103 ’ 66 Fisheries-Base (Difference) Demand Condition

T -424~,-~517 :.~5~3 -~9~ ~’:’-tas , .427 ’ ~’~ Representative Above Normal Year (1957)
~ ;’197’1.~ -474 ""-472 152 ~’.148". 229 ~,’138 ,

Minimum Water Surface Elevation

Ref.    Oct Nov Nov D~. Dec.
No. 1-1S 16-30 1-16 17-31 Aug.    Sep.

~ ,,.o.oe’ o.o~ ~:,~.o~ o.o~ ¯ o.o; o.o;’~ o.o~
0.02 0.02

0.02 0.02~..:,a.~,.:~ o.o, [~},~, : ~.~0o~
~:;:~:~’ -o.o~ ~:0.o~,~, o.o~ ~:0.o~.: o.o~

-0.38 -0.02 0.02

~
-o.o~ =.~o~ -o.o~

-0.03~:~.~.,, -o.o, ~o.o, . -o.o, ~,~:o~ :     ~:.;o.o,
~ .’~,~e . ~o.~ ~.~’:0.e~ -o.~ -o.o~ .< ~o.o~

Mlnlmom and Maximum Veloclty

Ref.I     Oct.        Nov. 1-15     Nov~ 16-30      Dec. 1-1~      Dec. 17-~1         Aug.           Sep.

INo. MAX. MIN. MAX. MI~ MAX. MIN. MAX. MI~ M~X. MIN. MAX. MIN. M~. MIN.

0.0~ .~ ~R~ o.o o.o ~.~,~ ~.~,:~;~ o.o o.o ~:~ ::~;r~ 0.0

~.,~ 0.0 0.0

~ ~~:~ :~~’:~ .~.4 -~.~ ~ :~4~..~:’i:=: o.~ -o.~ ::~...:,~,~;:~,:~.~.,=:: o.o -o.~
~ :":?~.~:~ ~;:~::;. 0.5 ’ ~.~ ~:’~.~".." ::’:: ~.~ o.o o.o ~: :o.~:~:~.:~.o~:.:.:~ o.o o.o

~s ~’.~.o.~"~ :.~.~::.: o.~    ~.~ ’,"~:=~.~’::"".~.~ ¯ o.o o.~ :;:..o.o=::::.~.~ ~ o.o o.o ’:’: 0.0

C--087482
C-087482



C--087483
C-087483



C--087484
C-0~74~4



I . Figure A3-25
Future Demand Case - Percent Difference

between Fisheries Alternative and Base Condition
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Figure A3-26
Future Demand Case - Percent Difference

between Fisheries Alternative and Base Condition
River Flows

San Jgaquin River at Vernalis
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C-087486



I
i FiguPe A3-27

Future Demand Case - Percent Difference

I
between Fisheries Alternative and Base Condition

Delta Exports
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..Figure A3-28
Future Demand Case - Percent Difference

between Fisheries Alternative and Base Condition
Delta Inflow and Outflow
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I Future Demand Case Study
Difference Between Fisheries Air. and Base Condit~n

~. (Run 455-4111

~ i Representative Cridcal Year

Minimum Water Surface Elevation

i No ~~ ,.~.~o ~

Minimum and I

o.o

&o

|

|

C--087489
C-087489



Average Net Flow
TABLE A3-27 CONT.

Ref.    Oct    Nov Nov    Dec.    Dec.
No. 1-15 16-30 1-16 17-31    Aug.    Sep.

Future Fisheries Case Study (Run 455oRun 411)1 124 -116 -443 -49 -107 -404
~ -67~ -625 -566 .76 : -s~ -115
~" "’660 -355 -367 2 -~ -~06

Minimum Water Surface Elevation

Ref. Nov Nov Dec.    Dec.    Aug.    Sep.
No.

Oct 1-15
16-30 1-16 !7-31

Minimum and Maximum Veloc~
Ref, Oct. Nov. 1-15 Nov. 16~0 Oec. 1-16 D~. 17-31 Aug. Sep.

No. M~ ~N. MAX. MI~ ~.    ~ M~.    ~N. M~.    ~N. M~,,, ~N.

.... ~ o.o o.o ,.~. ~.~; ~ ~,~

C--087490
C-087490



TABLE A3-28
Net Flow

Future Dmnd Casa Study ¯
Difference Between Flsherias Air. and Base Condition
(Run 455-411 )
Raprasentativa Dqr Year

i Minimum Water Surface Elevation

C--087491
C-087491





Net Flow TABLE A3-29
Future Demand Case Study
Difference Between Fisheries Air. and Base Condition
(Run 455-411 )
Representative Botow Normal Year Year

Minimum Water Surface Elevation

o.o

Minimum and Maximum
January

C 08749  
C-087493



C--087494
C-087494



C--087495
C-087495



Average Net Flow
,TABLE A3-30 CONT.

Rof. Oct Nov Nov Dec. Dec.
No. 1-15 16-30 1-16 17-31

Aug. Sep,

__1 -2037 96 56 56 56 397 -681        Future Fisheries Case Study (Run 455-Run 411)
--2 -1588 -983 -957 -52 -47 -91 -236 Fisheries-Base (Difference) Demand Condition

3 -703 -335 -345 35 32 129 "-73
--~-- 2722 1826 ~182| 67 66’ 139 S~ Representative Above Normal Year (1957)

5 -4235 -1488 ,-1483 -141 -137 135 -1454

~ ’-1965 -467 :~’~46’5 142 ~138,., 596 .

Minimum Water Surface Elevation

Ref.     Oct Nov Nov Dec. D~.
Aug. Sep.No. 1-15 16-30 1-16 17-31

~.0.0~ + 0.03 "~,,,0", ~ 0.0~ +....0.0~,, 0.06

4 =:O.oY o.o~ ,’, o ’ o.o~ ~"0.’d2~’’ o.oe

~ -0,09 0.01 ;." "~:’0 .: 0.0~ O.0] 0.01

+~ ,’.o.~+ + o.~ ::.::+-~o .+ o.o~ ++;:?+:0=,:O.oe
+ e ~s+, +.~ ~:" ’+ 0" o+o+++~ 0.02 +~ o.o9 ~.. :"0 +

Minimum and Maximum Velocity

Ref. I Oct. Nov. 1-15 Nov. 16-30 Dec. 1-16 D~. 17-31 Aug. Sep.

No.I I M~. MIN. MAX. MIN. M~. MIN. M~. MIN. M~ MIN. M~. MIN. M~. MIN.

~ ,+1;~ 0.1 0.0 .~.0 0.1 0.o

~+++ 0.4 -0,2............ ++ o.+-o.+m .o.,+m++ .o.,
~ m+o:~++~+:+~ ++ o.o .o.+ o:+~’+~ o.o .o~ o.a o.o ++J~;d

: :+.m +" ;-o.~ . -o.+ .o.~ ’ -o.~+ :++:+~o.+ o.o o.o :+ o:o+~:,.~:~+ +;~’:~ + o.o o.o

C--087496



I
Minimum and

July

i
I

C--087497
C-087497



Averao~e Net Flow
TABLE A3-31 CONT.

Ref.
Oct Nov Dec. Aug. Sep

No.

1 .11 -2024’ -21e4 46 -204S Future Fisheries Case Study (Run 455-Run 411)
2 -686 -1073 -250 -60 -2138 Fisheries-Base (Difference) Demand Condition

~ -303 -Sle- ¯-122 60 -~8 Representative Wet Year (1982) "
4 1296 1677 43 69

~ .-1~29 -4494 ¯ .-~055’ -374 ~ -=3306

Minimum Water Surface Elevation

Ref.    Oct    Nov     D~.     Aug.    Sep

Minimum and Maximum VelociW
Ref, Oct, Nov. D~, Aug.

No. M~. MIN. MAX. MIN. MAX. MIN. MAX. MI~ M~. ~N.

�-087498
C-087498



C--087499
C-087499



¯
Average Net Flow                                  .,,

TABLE A3-32 CONT.
Ref.

Oct Nov Nov Dec. Dec. Aug. Sep.No. 1-15 16o30 1-16 17-31

1 265 , 457 -1096 -33 -2048 324 .194
Existing Case Study (Run 413)                               i

2~ -622 -757 -532 -414 ,-134 o215 -372 Project Demand Condition
)3 -655 -747 -7~0 -615 -562 -489 -617 Representative Critical Year (1991)

4 1779 1257 1238 166 141 ; 459 5’37 I
5~; ~2523" -2727 -2748 -3219 ,,-3247 -1786 -2555

~,,~1814 -1865 ,-1842 -2126 :, ’~2097 -1362 ~-1880

8     1060 - 1224 ~,.1216 1434 ~’1424 679 : ’1092
9 ~7~"~’~’ -43 ~..~’=:,4~ ~ 748 ¯ ~748, 292 ~’: 5~6

~:~. ": ..:..., I

Minimum Water Surface Elevation .

Ref. Oct Nov Nov Dec, Dec.
No. 1-15 16-30 1-16 17-31 Aug.    Sep.

1 ~ 1.~7.~, 1.99 ,~ .1~98 1.98 ~:~1.96, 1.97 ~ :, 1.95

1.76 ~ ".1.72 1.71 ’ " 1.69~ , 1,73 ~ J~ :1,74 1.74

1,58 1.57

~ :’~2:64 : 1.48 ~::,,’~.46 " 1.47 ~¢’;L44,’: 3.69 ~.:"~.7~ ’

:=’1".61~-: 1.62 ~:,~:~i.6 ’ 3.951,62

I

I
ilnImum and Maximum Velocity                                                                                 I

Ref. ~ OCt, Nov. 1-1~ Nov. 16-30 De~. 1-16 ~ De=. ~7-~I Aug. ~ep.

No. MAX. MIN. MAX. MIN. M~. MIN. M~. MIN, M~    ~N. M~ ~N. MAX. MIN.

~z~4,,~ ~o.s,.~ o.3 -o.s ~:~ ,o;s:,,. ~ o.~ -o.s ~;~:~ ~:;~ o.s .o,s .. ~

I

,~;~.~: o.~ -o., ~;s~ o.~..~.~o., -o.s ;~:~o.8 -o.~
~ .~:~ 0.7 ~:0.~:~ ~.. ......0.7 "~.~ ...... ~ ".~ I~o~,: .o.~ -o.7

~
r?. o.o -o.s

I
o.s     0.7 :. ,. 0.9 .~:-. :o.e " o=9     ~.7 "’.:; o~9:.~.:~’,’~: ~:~:~ :- 0.7     o.s

C--087500
C-087500



C--087501





Average Net Discharge

! Ref.No. Jan    Feb. March 1-15 16-301-2021. -31                   June. July

¯¯ 1 1113 150 -792 746 666 -126 2309 91 -2172

~ ,;,
2~-943-894-542-580-1728-1238 o1581-565 .,24 Existing Demand Case Study (Run 413)

3 -795 -825 -705 -636 -1285 -1103 -1163 -770’-1175 ISDP Representative
~~ 1408 1282 590 1429 3873 2638 2862 597 430 Below No~al Year
~ -3022 -3563 ~3678 -17~13 -3~78 -3246 -3~09 -3526 -65~

6 -1983 -2278 -2322 -1252 -2223 -2238 -2276 -2413 -4232
7 -3775 -4409 -4493 -2055 -3886 -3878 ’ -3864 -4185 -8234

9 2203 2066 1405 2625 .309 . 206 ".’219": 689 719.

1~ ~’~35" 1064 ’::471"~ 1355 3820 2841 ’,2a42:. 578

19 J’386~ " 3533 2268’: 3947 39~7 2990 ’ 2980: 1713.

Minimum and Maximum Velocity

"

C--087503
(3-087503



Average Net Flow
TABLE A3-34 CONT.’

Ref. Dec Dec
No, Oct Nov Aug Sep

1-15 16-31
Existing Case Study (Run 413)

1 -1326 -3975 -3652 -969 "-1541 -730 Proiect Demand Condition
2 -197t -2391 -1002 -1381 "-707 -522 Representative Below Normal Year (1966)
3 -1556 -1793 ~-1t19 -1173 ;’.985 -790
4 ~2740 3822 "1163,’ 1177 " 269 445
S -7339 -9012 -6525 .6486,i’:5~93"-3909

~6 -;4462 -5339 -3821 -3853 ~-=3559 -2632

8 2~17~i 3642 ~’2675’ 2687 ~’22’t2+ 1598
9 ~’29~ ’: - 5 542

15 ’~ -4 ~2~J7.’~ 2629 ~532:~ 483

Minimum Water Surface Elevation

Ref. Dec Dec
No. Oct Nov Aug, Sep

Minimum and Maximum Veloc~y .
Ref. Oct Nov D~ 1-15 Oec 16-31 Aug Sep

~8+~ 0.6 -3.1 ~++<+ 0.8 -2.9 0.6 -2,0

++~+~’+ 0.7-o.+ ~ +~:+ o.+ .o.+

C--087504
C-087504



¯Average Net Flow

I TABLE A3-35
Ref, Jan Jan April April May May
No.i 1-16 17-31 Feb. March 1-15 16-30 1-20 21-31 June July

Existing Demand Case Study (Run 413)

!
1.~ 604 ~-2001 881 1582 662 771 586 2977 194 -~890 ISDP Representativei
2_~ -913

-544 ,-849 -910 "-838 -1788 -1752 -2090 -898 -960 Above Normal Year
~ -925 -767 .’-790 -791 -693 -1328 o1316 -1371 -847 -1184

._~ , 676
853 10"29 812 1422 3854 ~784 3800 606 430

~ ~ ~256. -4294 ~64, -3568 -2106 -3580 ~3570 -3535 ~0~6 -6876
~ -2071 -2640 .~34" -2314 -~48~ -2448 -2450 .2489 -2704 -4244

~ 1869 1878 i~598 1615 90~ 1516 1488 1498 1~98 2663

~ 1 9 I 2439 2439 3069 2254 3922 3922 385~ - 3851 1710 1574 ’~ Stockto~

~ . Minimum Water Su~ace Elevation

:Ref. Jan Jan ’1 April April May May 7
No. 1-16 17-31 Feb. March

,~81-15 16-30 1-20 21-31 June July

" 1 2.0 2.0 .2.1 2.2 2.1 2,1 ~.0 2.1 " 2.0 1.9 Court ~." ~. 14~
8

Minimum and Maximum Velocity
Ref. Jz~ 1-16    Jan. 17-31     Feb~zw      Maroh      April 1-15 April 1~0 Mly t-20 Mly 21-21      June         July

C--087505
C-087505



Average Net Flow
TABLE A3-35 CONT.

Ref.             Nov     Nov     Dec.     Dec.
No.    Oct                                         Aug.    Sep.

1 I -920 o1131 -3928 -154 -2260 -1689 -662 Existing Case Study .(Run 4.13)
~ -25t4 -1711 ¯ -1303 -577 -261 -630 -625 Project Demand Condition
~ -1925 -1355 -1295 -693 -643 -1066 -786 Representative Above Normal Year (1957)
~ 3937 2112 2082 393 372 346 506

5 J -9~05 -6809 ~6848 -3675 , -3705 , -6119 . -3788
~ -5506 , -4120 :~-4081 -2351 ~ ~2325 : -3832 ?~2563
~ ~11077" -8299 ",~316 -4490 -4505 -7375 -4645
~’’.3640 ". 2797 ;’278’1 1613 =~’1603 2412

-72

Minimum Water Su~ace Elevation

Ref, Nov    Nov     Dec,    Dec.
Aug.    Sep,No. Oct    1-15 16-30 1-16 17-31

16

Minimum and Maximum Velocity ¯

Ref, Oct. = Nov. 1-15 Nov. 16-30 Dec. 1-16 Dec. 17-31 I" Aug. Sep.

No. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN.I    MAX. MIN. MAX. MIN.

I
.o.~ ~~    ~.~:~:": 0.4    -o.4

C--087506
C-087506



C--087507
C-087507



C--087508
C-087508



Average Net Flow

April April May MayRef, Jan Jan Feb. March 1-15 16o30 1-20 21-31 J ne JulyNo. 1o16 !7-31

’1 -190 .217~ -18Be .2429 24s ~o7 -s3 13o4
2 -438 -161 -237 -869 °248 -935 -653 -e40 ,531 .3ca Future Demand Case Study (Run 414)
~ -622 -569 -595 -97B -44B ,-B3B -743 -779 -~36 -761 IDSP Representative
~ , 112 87 166 348 597 1920 1737 1752 515 257 Critical Year

5 -34~ -3505 -3542 -6252 -le25 -2414 -~985 -1965 -3386 -3760
T -~2~ -2226 "-~52 -3740 -~I~B -1717 -~461 -1482 -~331 -2591
~ ~2~3’-4305 -43~5 -7644 ~1~31,-2928 -2~42.-2333 ~041-4483

f~62 1552 "15’57 2620 678 ~’ 1011"BOO ; 805 1342~ 1456
9 .e00.~ 599 J~739" 938 "~572 ~ 323 "~;’~52 262 "57~ " 229

..

Minimum Water Su~ace Elevation .............. 6

Ref. Jan    Jan Feb, March April April May Mey June July                                                                ¯

Minimum and Maximum Velocity
Ref. Jln. 1-16 Jan. 17-31 Feb~lw March April 1-15 April 16-30 May 1-20 Mly 21-31 June July

c-os7509
C-087509



I= Average Net Flow

TABLE A3-37’ CONT.                                      I

470 t0967; -lO3 Future Demand Case Study (Run 414)
-76! ~):i;~’ "457 Project Demand Condition
-72; ,rl~"b~-i- -640 Representative Critical Year (1991)
124’ 222~’;. 163
’273 2 ~’~:~,-’÷ -3444

I

16s .8~ ~: -2250
-4221
1523
760

!773
137
-27

I
966
971
97

;:9381261 i
Minimum Water Surface Elevation

Ref. Nov Nov Dec. Dec.
N~. Oct 1-15 16-30 1-16 17-31 Aug. Sep.

~ 2 1.98 1.97

~ 1.83 1.61 1.76

~ 1.76 1.74 1.7
= ¯ 1.77 1.74 1.72

~ 1,71 1.68 1.54
~ I 1.71 1.69 1.58

~ !.61 1.57 1.42
B a !.56 1.52 1.39
~ ¯ 1.62 1.6~’ 3.26

" I..,~i 1.52 1.47 3.68
1 1 l! 1.72 1.98 3.55 I~! ,.68 1.96 ~.77

~ [.6~ 1.62 3.s5
~.J~...li 1.7 2.03 z.68
~--~-i! ,.63 2.1;, ,.67 !
~ ,.68 ,.62 ,’.61
J-~-Jt ,.68 2.52

1 9 |~ L73 4.66 ~.56 ¯

Minimum and Maximum Velocit~,
Oct. NOV. 1-15 I Nov. 16-30 Dec. 1-16 D~. 17-31 Aug. Sep.

¯
MAX. MIN. MAX. MIN. MAX. , MIN. MAX. "MIN. MAX. MIN. MAX. MIN. ¯ MAX. MIN.

0.3 -0.5 0.4 -0.5, 0.5 -0.5 ,~.
0.2 -0.4 0.2 °0.4 0.2 -0.4 I0.4 -0.3 0.4 -0.4 0.4 ’ -0.3
0+9 -1.$ 0.8 -1.5 0.8 -1.1
1.0 -1.5 0.9 -1.5 0.8 -1.1
1.0 -2.3 0.8 -2.3 0.8 -1.5
0.9 -0.2 0.9 -0.1 0.9 -0.2
0.9 -~.0 1.0 -0.~ 0.9 -0:6
o.8 -0.8 0.8 -0.7 0.0 -0.7
o,7 -0.8 0.9 -0.5 0.8 -0.6 i
0.3 -0.2 0.3 -0.1 0.3 -0.4
0.6 -0.8 0.7 -0.7 0.0 -0.5
0.5 -0.5 0.4 -0.5 0.1 -0.6
0.3 -0.4 1.1 -0.1 0.7 -0.4
0.1 -0.2 1.2 -0.1 0.8 -0.4
1.4 -0.5 1.1 -I .I 1.2 -I.0
1.4 -0.4 ~.0 -I .0 1.1 -0.9
0.9 0.7 0.9 0.7 0.7 0.5

!
C--08751 0

C-087510





Average Net Flow
¯ TABLE A3-38 CONT.                                        I

Future Demand Case Study (Run 414)

I
-e6s Project Demand Condition

Representative Dry Year (1981)

I-8042
2616
569

I596
-27

-170

r

682
233

Minimum Water Surface Elevation
I

i1.82
1.75
1.76

I
1.69
1.55 ~. ¯

1.5
1.54

I
1.43
1.63
1.59

1.64
1.54
1.51

Minimum and Maximum Velocity

MAX. MIN. M__ MIN. MAX. MIN. MAX. MIN. MIN. MAX. MIN. MAX. MIN.
1.2 -1.3 1.2 ~1.3 1.2 -1.4

I0,1 -0.5 0.2 -0.4 0.1 -0.4
0.5 -0.2 0.4 -0.3 0.4 -0.3
0.8 .1.e 0.8 .1.8 0.6 -1.6
0.8 -1.8 0.9 -1.7 0.7 .1.5 ¯
0.7 -2.9 0.6 -2.6 0.5 -2.4
1.2 -0.1 1.1 -0.2 1.5 -0.1
0.9 -0.7 1,1 -0.3 "0.g -0.7
0.8 -0.6 0.8 -0.5 0.0 -0.7 I
0.7 -0.6 1.0 -0;1 0.8 ’ -0.6
0.2 -0.2 0.4 0.1 0.3 , -0,4
0.7 -0.7 0.7 -0.7 0.0 -0.7
0.3 -0.6 0.~ -0.4 0,2 -0.6 i!
0.3 -0.3 1.5 1,0 0.7 -0.2
0.1 -0.2 1.8 1,2 0.9 -0.2
2.2 1.1 1.3 -0.8 1.1 -1.0
2.2 1.7 1.2 -0.7 1.1 -1.0
1.5 1.5 1,6 1.6 0.8 0,6 ¯

i

C--08751 2
C-087512



Average Net Flow

NO. rJen    Feb¯              1-15 16-30 1-20 21-31 June

~4~-1559 .112 o1371 879 998 , .142 2302 14 -2865
o1151 -922 -641 -594 -1733 -1200 o1544 -587 ,1047 Future Demand Case Study (Run 414)
-1070 -857 -745 ", -638 -1282 -1084 -’1144 .788 -128~ ISDP Representative
1346 1244 566 1435 3860 2745 2770 594 391

5 ;L~_._ -5606 -3860 -4057 ’ .1744 -3200 -3217 -3180 -3592 .7982        Below Normal Year

~ -3382-2441 ;2535 -1259 -2223 -2219 -2257 -2470 -4805
-1~882 -4767 ~4952 ’ -2094 ’3913 -3842 -3828 -4267 -9549i
2’~94 1752 ~764 ’ 739 1345 1302 1311 1421 3078,
2364 2069 ;1419’ 2608 ~ ~’3~0" 206 219. 692 ~56 .... . 1 "~ ":~’~ ""
.327 299 ;.211 , -252" :-37~ -394. ’402 -154

~ "+

Ref. Jan Feb. Mamh April M=~ May
No. 1-15 1-20 21-31 June July

1 2.0. 2.1 .~2,0., 2.0 "2;0. 2.0 ,2.0 2.0
2 ~1".9" 1.9 ",1;9.= 1.9 "I.9 1.8 =:l.g 1,8 . .1’.7. "" :

CIl~on~

Forebay-

1 " 2.4~ 2.4 ¯ ’2,3 " 2.7 : 1.9~" 1.8 ’1.9 3.6 "
12 2.4,’, 2.3 .~,2.1’ 3.2 ,,-+~" 2.3 .~,2.4 3.7 -.3,~’ Aqueduct Dllta-Mendota

........ ¯ .... . ¯ ,

18 3;5" 3.4 ~?,2.9~ 3.6 ++e.~ 5+2 "5.2 3.0 " 2.8
1~ ": 9,~’ 8.6 "6~7 " 9.1 10~8 8.9 8.9 5.9 5.6

Minimum and Maximum Velocity

~;:r+~’+~+.:+:~: +.+ "O.S ..+:+.~:.’;0.+’: ;.4 "0.~ =.+.’J~":+.+"
"1.8," I;8 1,7 1.7    1.4 + 1;3 " 1,8 I.8 "1.6 1.6- 1,4    1.4 ~s~:4::’,~:+’~;4 " ~ I+I    1.0 "1,1’~"’~,~

C--08751 3
C-087513



A’uerage Net. Flow

-827 -3707 .3586 -970 . -2711 -981 Future Demand Case Study (Run 414)
-1"794 -2530=-1038 -1407 : -939 -603 Project Demand Condition
-1443.-1834 -1131 -1184 -1192 -859 Representative Below Normal Year (1966)

....2669 ~, 4097 1224 1238 , 182 406
-’~271 ~ -9004 .6532 -6494 ¯-7506 -4511

-4 ~668:,~ 2679 . ,~’~ 484
- I 26~7~ 2679 490

3749

Minimum Water Surface Elevation

Ref, D~.    Dec.
No. Oct. Nov." 1-15 16-31 Aug.    Sep.

Minimum and Maximum Veloclty
Ref. Oct, Nov,

No. M~. ~N. MAX. MIN. M~. MIN. MAX. MIN. M~. MIN: MAX. MIN.

�-o87514
C-087514



C--087515
C-087515



Average Net Flow

TABLE A3-40 CONT.                                             I

Future Demand Case Study (Run 414)
Project Demand Condition
Representative Above Normal Year (1957)

351
-6713

I-6683
2197
560

!587

o71 -
-28 -65

I
. -5 660

669
2932074

2085

Minimum Water Surface Elevation                                                                                       I

: Minimum and Maximum Velocity

Oct" I N°v" 1"15 N°v" 16"30 j Dec" 1"16 Dec" 17"31 I Aug" I
SeP" I’ I

M.~X," MIN. MAX, MIN. MAX. MIN. MAX, MIN. M~,X. MIN. MAX. MIN.    M~X.    MIN.

0.2 ~t).54 0.4 -0.5 0.4 -0.5 ¯
0.i5 -0.,’4 0.2 °0.4 0.2 -0.4
0.46 -0.3 0.4 -0.4 0.4 -0.3

0.64 -1.78
0.73 0.9 -2.3 O.S -2.3

0.69 !.0 -0.5 o.g -0.7
0.74 -0.1 0.9 -0.9 0.0 "0-7 I
0.72 -0.61 0.9 -0.5 0.8 -0.5
0.21 -0.19 0.4 0.0 0.3 -0.4
0,66 -0,71 0.7 -0.7 0.0 -0.7
0,29 -0,63 ’ 0.5 -0.4 0.2 -0.6
0.25 -0.33 1.3 0.4 0,7 -0.2

I

C--08751 6
C-087516



Average Net Flow

Ref. TABLE A3-41
NO, Jin    Feb. March April May June July

1 s10~’10049 14.7s 2474~ 11~13~ 2s3s 910

~ -1469 -1312 ,1514 -2060 -1649 -1349 -1133 Future Demand Case Study (Run 414)
4 2469, 3037 " 6~12 " 10592 7644 2746 2071 ISDP Representative

~ -5940 -2S>e"’:.,.~os 3~ 17 ~16 :4661 r-39e~ Wet Year
6 -3795’ -2~92 ~,502 1320 ’ -70 -2975 -2700

~
~ ;7Sg4".-3769 ’,:~b2 3099 142 -5594 ’~04

Minimum Water Su~ace Elevation ...... ;;: ¯ .~.~-.-.;.-

ReL ,

2;42

6 2.17, 2.32 ,’:j2.43 2.96 2.21 1.78 1.59 Forebay’ " 9 11

Minimum and Maximum Velocity

ReL J~nuaw Febru~w March April May June July

C--08751 7
C-087517



¯Average Net Flow

I No Oc! Nov    Dec    Aug Sep

1 :;.616:-4552 ~l’66" -264 Future Demand Case Study (Run 414)
~ ~00~) -1665 ~Project Demand Condition
~- (~’~,-1532 Representative Wet Year (1982)
~ r~~’ ~7o

~ ~;~’:-932" -5284

8 ~857~ 3632

1 6 ~ ~:~
17 ~p~ 1764

~Inlmum Water Su~aoe Elevation

1 1.94 1.96

- 1.78
1,72

4        1.73
5        1.63

4.06

Minimum and Maximum Velocity

M~. MIN, MAX. MIN. MAX. M~. M~. M~.    M~ MIN.
1.2 "I,4 1.2 -1.35
0.3 -0.6 0.37 "0.55
0.1 -0.4 0.16 -0.4
0.5 "0.3 0.41 -0;31
0.7 -2.0 0.74 "1.26
0.7 -1.9 0.77
0.6 "3.1 0.64 "2.01
1.3 ~ -0. I 1.25 -0.12
0.8 "0.7 1.04 "0.46
0.7 -0.6 0 "0.56
0.7 "0.6 0.94 "0.31
0.2 "0.1 0.41
0.6 "0.6 0.0~ "0.58
0.1 -0.7 0.45 "0.53
0.2 -0.2 1.05 0.4
0.1 -0. I 1.23 0.53
1.6 0.0 ~.29 "0.66

::~ ,.~ o., ,.~ -o.~[
.Z~.. 1.1 " 1.0 1.37 1.3~

C--08751 8
C-087518



I
Average Net Flow

I TABLE A3-42
Ref. Jan , May "MayJan JulyNo. 1-16 17-31 Feb. March Apr=l 1-20 21-31 June

I
"

1 -193. -2157 -1863 -2503 237 -113 1244. 210 -843 Existing Demand Case Study
T -87~ -lOl ~lSS -7~8 :+s(; -74 ~2831 -385 ,-287 Fisheries AIt. (Run 454)
"~ -630 -575 "~05 -1038 ’-430 -349 ~-390~ -665 -738 Representative Critical Year,

~ -3229 -3259 ~281¯ ,-5873 ’-1520" -1183 ,-1169"~’ -3049 -3752

, No. 1-16 17-31 Feb. March Aprd 1-20 21-31 June July 7~ ~, 13

~ - ’ " ’ .... co.. : " : .+~ .: 11 14 ~ 8

~ 1 0 ".1.5.’~ 1.4 :~1~5.~ 1.4 -..YI’,~. 1.7 ’~;~. ~ 1.5 +~,1~4. ~nal .~

I

Minimum and Maximum Velocity

Ref.I Jan. 1-16 Jan, 17-31    February      March       April      May 1-20 May 21-31     June         July

C--08751 9
C-087519



_ Average Net Flow
TABLE A3-42 CONT.

R~f. _ . Nov Nov Dec. Dec.
No.

uct
1-15 16-30 1-16 17-31 Aug. bep,

1 309 467 -1088 .13 -2224 -359 ~140 Existing Fisheries Alternative Case Study (Run 454)
~ -885 -773 -546 -418 -276 -252 "-240 Representative Critical Year (1991)
--~ -82"0 ’ -737 -701 -608 -629 -529 -489
~ 1"/85 1256 1239 i52 348 29 " 15~
~ -2547 -2727 -2749 -3212 " -3664 -2853 -2396

~ ~3 t’18 -3349 ".3357 -3934 -4447 -3355 =-2~71

~] 1855 1279 " 1279 ~098 1904 859

Minimum Water Su~ace Elevation

Ref. Nov    Nov    Dec.    Dec. ~ _ ’

~ 1.45 . 1.47 :. 1.45 " 2.2~ . 2.4G. 2.14 ~ ’2.24

lS I ,4;13 3.67 ~ 3.64, - 2.48 ~65 2.37    2.47"

Minimum and Maximum Veloci~
Ref.I ,Oct. j Nov. 1-15 ~ Nov. 16-30 Dec. 1-16 Dec. 17-31 Aug. ~p.

C--087520
C-087520





Average Net Flow

Ref.    Oct    Nov    Nov    Dec.    Dec.    Aug.    Sep.              TABLE A3-43 CONT.                                                  I

1 -1465" .440 .2903 1365 .1265 -904 " .498 Existing Fisheries Case Study (Run 454)
2 -2981 -2362 -2000 -872 -500 -459 .:-~46 Representative Dry Year (1981)

~ -1854 -1585 ’1534 -763 -703 -735 -625
4 3961 3624 3598 859 " 839 12 -"115
5 -8~36 -6821 -6655 -3359 -3401 -4222 " -3245

~ -10474 -8331 .;8345 .4130 ,4151 -5027
~ 3421’ : 2802 .2789 1521 . 1512 ’ 1729

~1 3~71 3637 "~637 = "3036 3036 1053 ’: 1094

Minimum Water Su~ace Elevation

I
Minimum and Maxlmu~ VelocI~ ’

C--087522
C-087522



C--087523
C-0~7523



Average Net Flow
TABLE A3-44 CONT.

Ref. Oct Nov Dec. Dec. Aug. .Sep.
No, 1-15 16-31

1__.~_]
-1201 . -3936 -~595 -974 .1661 -.677 Existing Fisheries Case Study (Run 454)

2, -t99,6 -2412 -1)69 -1360 :628 -402 Representative Below Normal Year (1966)
3 "-~152g -1793 ,o1096 -1148 -893 -665

~ -724B -9002 ~-6425 -6387 :’:-5664,: -3691

~ ~:;8e’~’~ :’10939:’~7e~7=: -7798 ~’::~7~’~ -4457

11 ~’::~;~’~"~ 32 ~2Z~";~ 2214 ~:~;~ 607

Minimum Water Surface Elevation

Ref. Oct Nov Dec.    Dec,    Aug. Sep.No. 1-15 ,16-31

",~’.64 1,65 ; 1.67 ’ 1.71 ~:/1.64". : 1.66

2.15

~ .’+.+ L+ +.+ P#’ +.+ .: ~.+4 :’+:’.:+:.+*’ :: ,.++

Minimum and Maximum Velocity

Ref. ~      Oct. Nov. ~�. 1-15 Dec. 16-31 Aug. Sep.

No. M~. MIN. M~. ~ MAX. MIN. M~. MIN. M~. MIN. MAX. MIN.

~+:~ ~+q.e++ o.+ -o.s ~ m~o:s++~:+o.m -o.s o.4 -o.s

:,~+;~ ~P~0.3.~ 0.5 -0.2 + +<+ ~f+0.3.’:i+ 0.4 -0.3 +;~:~O:4~J+l 4~+:~’. 0.4. -0.4

~ ++o+~,~+~.~ -o.~ ~ +o.=+~.~ ~.~ .o.~ ~~~ ,.~ -o.~

~-++~+ :+~+ +=" K’. ~
=++~..+.+++.+~ 0.5 ’0,I 0.4 -0.3~ ~+o.~ +o.++....+.o+.o.~+ ,+~+~,..+.,~+;+~:.+:,o.+ .o.,~+ +~++ o+ .o..,

~ +:~’~+:m ++~/0:~" ~.~ ~.~ +"~+~.::~.+;o.~".:.~.~ -o.~ ..... ....+’,._ ....,.,+++,’~ -+.~. .r ;.~ "~.~

C--087524
C-087524



C--087525
C-087525







Average Net Flow
TABLE A3-46 CONT.

Ref. Oct Nov Dec. Aug. Sep
No.

~ -744 -433o’ 56 .346 -663 Existing Fisheries Case Study (Run 454)
~ -1170 -1616 .1490 .726 -1711 Representative Wet Year (1982)
~ -1088 ’ -1509. =1317 -844 -1429

~ 1437 1783 " 527 541 1741

~ -5165 " -8996 :-7974 -4226 -7299

19 I 1449 ’ 1625 ::’1622 2409 ".-5123

Minimum Water ~ace Elevation

Oct    Nov     D~.     Aug.    SepRef.
No.

4 1:73    1.75 2.09 1.74 1.75 :

’ Minimum and M~imum Velocity

Ref. Oct. Nov. ~. Aug. ~p.

C--087528
C-087528



C--087529
C-087529



,~verage Net Flow
TABLE A3-47 CONT.

?~r.47:’.: "53 73 Future Fisheries Case study (Run 455)
Representative critical Year (1991)

-435"
-44;
-621

60

-2096
-1434
-2437
856
316
-3

340
121

97~
9~1

,oO. 8
1261

Minimum Water Surface Elevation

,
1.99
1.82
1.75

152
-3331
-2178
-4076
1473
740
158
753
173

976
96’1

Minimum and Maximum Velocity

MAX. MIN. MAX. MIN. MAX. IBN. MAX. MIFL MAX. MI~ MAX. MIN. MAX. MIN.

1.2 -1.3 1.2 -1.3 1.2 -1.3
0.3 -0.5 0,4 -0.5 0,4 ~0.5
0.2 -0.4 0.2 -0.4 0.2 -0.3
0.4 -0.3 0.4 -0.4 0.4 -0.4
1.0 -1.5 0.9 -1.5 0.9 -1.2
i.0 -1.5 0.9 -1.5 1.0 -1.2
1.1 -2.3 0.9 -2.3 1.0
0.9 -0.3 0.9 -0.2 1.1 -0.2
0.9 -1.0 1,0 -0.7 1.0 -0.9
0.8 -0.8 0.3 -0.7 0.8 -O.B
0.7 -0.8 0.g -0.6 0.8 -0.8
0.3 -0.3 0.4 -0.1 0.4 -0.4
0.6 -0.7 0.6 -0.7 0.6 -0,7
0.6 -0.7 0.6 -0.6 0.6 °0.6
0.3 -0.4 1.2 -0.1 1.1 -0.7
0.1 -0.2 1.3 -0.I 1.2 -0.7
1+4 -0.5 1.1 -1.1 1.1 -1.1
1.4 -0.4 0.9 -1.0 0.9 ’ -1.0
0,9 0.7 0.9 0.7 0.7 0.5

C--087530
C-087530



Minimum Water Surface Elevation

Minimum and

~4 ~3 G4 ~ ~4 ~ ~4 ~4

1.2 ~.7 1.1 ~7 1.1 ~.~ 1~ ~g
1.8 1.e 1.5 1,4 1.5 1.4 1~ 1.0

C--087531
C-087531



Average Net Flow
TABLE A3-48 CON~’.

Future Fisheries Case Study (Run 455)
Representative Dry Year (1981)

-62=,
115

’ 324:
214
392’
1396
649
115
665
183
-45
16
666

66

36~$
3637

Minimum Water Surface’Elevation

1 .g7

1.79
1.72
1.73
1.66
1.67
1.54
1.48
I.~3
1.41
1.81
1.76
1 °53
1:76
Io96
2..18
1.79

.

Minimum and Maximum Velocity

MAX. MIN. MAX. MIN. MAX. MIN, MAX, MIN. MAX, MIN. MAX. lAIN. MAX, MIN.
1.2 -1.3 1.2 -1.3 1.2 -1.3
0.1 -0.6 0.3 -0.$ 0.4 -0.5
0.1 -0.5 0.2 -0.4 0.2 -0.4
0.$ -0,2 0.4 -0.3 0.4 -0.4
0.8 -1.9 0.9 -1.6 0.8 -1.3
0.9 -I.8 1.0 -1.6 O.g -1.3
0.8 -3.0 1.0 -2.4 0.8 -2.0
1.2 -0.1 0.9 -0.2 1.2 -0.1
0.9 -0.7 1.1 -0.6 1.0 -0.6
0.8 -0.6 0.9 -0.6 0.8 -0.7
0.7 -0.6 1.0 -0.4 0.9 -0.7
0.2 -0.2 .0.5 0.0 0.4 -0.3
0.6 -0.7 0.6 -0.6 0.6 -0.7
0.4 -0.8 0.7 -0.5 0.6 -0.7
0.3 -0.3 1.6 O.g 1.2 °0.5
0.1 -0.2 1.9 1.1 1.3 -0.5
2.3 1.1 1.3 ~0 6 1.1 -1.1
2.2 1.7 1.2 -0.6 0.9 -1.0
1.5 1.5 1.6 1.5 0.9 0.6

C 087532
C-087532





I
Average Net Flow

TABLE A3-49 CONT.
Ref. D, c. Dec.
No. Oct Nov Aug. Sep.

1 .776 -3745 -3603, -960 -2635 -1662 Future Fisheries Case Study (Run 455)
~ -1807 -2537 o1035 -1405 -795 -664 Representative Below Normal Year (1966)

~ 2658 "4099 .,1195 1208 ~{.’-166 -38

5 ’.,6144"" -9002 ~:’-’~5~2 -6504 ;^.,-7240 -5709

~7 -;.7471 ;-10945::~7962’ -7943 ;’,’:66’~,0 : -6872

4009 ~ :] 034,~; 1018

Minimum Water Surface Elevation

Ref.
No.    Oct    Now1-15Dec" ,16-31Dec"    Aug. Sep.

Minimum and Maximum Velocity

Ref.      Oct.          Nov.        ~�. 1-15 i ~,. 1~31        Aug.           sep.                                         I

I

C--087534
C-087534





Average Net Flow

TABLE A3-50 CONT.                                      i

Future Fisheries Case Study (Run 455)
Representative Above Normal Year (1957)

-958
-53

I241(:

I202

38 -4

I

1508 1084 ¯

1094
-131

t086

Minimum Water Surface Elevation

1.44

1.49
1.67

2.07
1.75

I

4.5

Minimum and Maximum Velocity
Nov." 1-15     Nov. 16.30     Dec. 1-16     Dec. 17-31       Aug.    I    Sep.                      i

iMAX. MIN. MAX. MII~L MAY,. .MIN~ MAX. MIN. MAX. MIN. MAX, MII~L    MAX.    MIN.

0.2 -O.S 0.4 -O.S 0.3 -0.S
0.2 -0.5 0.2 -0.4 0,2 °0.4 ¯

|0.5 -0.3 0.4 -0.4 0.4 -0.4

0.8 -0.6 0.9 -0.7 0.7 -0.9
0.7 -0.6 0.9. -0.$ 0.9 -0.8
0.2 -0.2 0.4 -0.1 0.4 -0.3
0.6 -0.7 0.6 -0.7 0.5 -0.8
0.4 -0.8 0.6 -0.6 0.5 -0.7

C--087536
C-087536



I ¯ Net Flow TABLE A3-51

Future Dmnd Case Study
Fi~he~ies Ak. (Run 455)n Roprosontative Wet Year

I
Minimum Water Surface Elevation

3.13.1 ~.:~iil~"::: 1.7     , ;-it.. ......

~’-[~-;.’-:

" I Minimum Int M~imum

!

C--087537
C-087537



I
Average Net Flow

¯                                                        TABLE A3-51 CONT.                                          I

Future Fisheries Case Study (Run 455)-269

-832"72°
Representative Wet Year (1982)

I
550
4114
2628
4905
1701
1271

!320

i1850
411

i
!392

Minimum Water Surface Elevation

!
I1.~’4

1.74
1.67

!
1.56
1.51
1.57

I
1.91.
1.84
1,55

i

2.18
~.56
1.84

3.85

Minimum and Maximum Velocity
’1

,Oct, Nov. Dec. Aug. Sep.

MAX.. laiN. MAX. MIN. MAX. ~ MAX. MIN. MAX. MIN.

-1.3
-0.S
-0.4
-0.3
-!.4
-1.4

I
-0.2
-0.8
-0.8

am
-0.1 I0.5 -0.7

0.3 -0.5
0.2 0.4
0.1 -0.1 0.7
1.5 0.0 -0.9
1.6 0.4 ’[.1 -0.8
1.1 1.0 ,.4 1.3

i
C--087538

C-087538



,!DWRSIM Output
| by

~! Year Type

Preferred Alternative and

Fisheries Alternative

!

.!

C--087539
C-087539









71 Year Record-Above Normal Years
Total Exports = H.O. Banks (includes Whee!ing)+Tracy pumping Plant (in CFS)
Existing Demand Level                                                                                                                         I

I

Pro ect (Run 413
YEAR ~ NOV CE~ JAN F~ MAR APR MAY JUN JUL AUG SEP
1922 6.573 6.936 13.119 14.148 10,034 8,498 8,002 8.755 12,371 3,356 4,477 6,502
1928 9,589 14.569 12,164 8,294 8,140 8,546 7,372 5,843 6,317 10,.199 7.450 6,309
1940 ’8.196 6.311 7,426 14,524 14,530 12,626 8.095 6,852 6,321 7,623 7,433 6.333
1951 10.531 14,569 14.556 9,387 8,411 8,117 6,243 6,975 6,306 11,226 7,985 6.600
1954 14.670 13,055 7,861 7,420 ~8,083 8,213 7,372 6,770 6,255 10,937 7,909 6.707=
1957 14,670 10,982 7,452 9,139 8,054 7,644 5,804 5,587 6,759 11,275 10,076 6,548
1973 10,122 14,569 14.556 9,892 8,411 ~ 7,809 6,772 6,929 7,803 8,196 7,560 6.833
1978 3.915 3.778 10.852 7,217 5,319 5,279 6.313 6,696 6.622 2,839 4.473 8,219
1980 7.827 13.975 -i 14,556 7.457 8.023 6,227 6~263 6,772 5.682

. 3,.233
4,873 10,456

Average .9,566 10,972    11,394 9,720 8,778 8,107 6,915 6,798 7,160 7,654 6~915 7,167

Base
~ OOT NOV ~ JAN FE~ MAR APR MAY JUN JUL AUG ~
1922 6.573 6,936 11,472 12.147 12.821 9,624 8.002 8,755 11,277 3,357 4,477 6.502
1928 9.590 10,941 11.364 11.774 8.790 8,572 7.372 5.844 6.317 ~10.346 7,492 6.307
1940 8.196 6,317 ’ 7.421 11,706 12.142 11,726 8,095 6.836 6,320 11,287 8,975 6,636
1951 10.530 10.941 11.853 12.729 .. 10.914 8,131 6.243 6,975 6.302 11,206 7,965 6,600
1954 11.027 10.941 10.685 9.663 8.140 8,342 7.372 6.771 6.256 11.271 7.972 6.708
1957 11.027 10.778 7.452 11.393 10.038 7.670 5.804 5,587 6,754 11,280 10,076 6.548
1973 10.113 10.941 11.251 11.573 12.400 9.341 6.772 6.929 7,803 8.196 7,560 6,833
1976 3.915 3,778 10.857 8.178 5.3"19 5.279 6.313 6,696 6.622 2.839 4.473 8.219
1960 7.827. 10.941 11.332 12.729 8.642 6.462 6,337 6.772 5.682 3,233 4,873 10.445

Avera~le 8,755 9,168 10,410 11,321 9,912 8,352 6,923 6,796 7,037 8,113 7,098 7,200

Difference~ (Run 413 - Run 42C
.YEAR CCT NOV DE~ JAN FE~ M~ APR MAY JUN JUL AUG ~

’ 1922 0 0 1.647 2.001 -2.787 -1,126 0 0 1,094 -1 0 0
1928 -1 3,628 800 -3,480 -650 -26 0 -1 0 -147 -42 2
1940 0 -6 5 2.818 2,388 900 0 16 1 -3,664 -1,542 -303
1951 1 3,628 2,-703 -3.342 -2,503 -14 0 0 4 20 0 0
1954 3.643 2,114 -2,824 -2.243 -57 -129 0 -’~ -1 -334 -63 -1
1957 3.643 204 0 -2.254 -1,984 -26 0 0 5 -5 0 0
1973 9 3,628 3,305 -1,681 -3,989 -1 ~532 0 0 0 0 0 0
1978 0 0 -5 -961 0 0 0 0 0 0 0 0
1980 0 3,034 3,224 -5.272 -619 -255 °74 0 0 0 0 1 1

Average 811 1,803 984 -1,602 -I,133 -245 -8 2 123 -459 o183 -32

Percent Difference llRun 413 - Run 420).        "100
YEAR ~ NOV [~C JAN R~ MAR AIR MAY JUN JUL AUG SEP
1922 0% 0% 14% 16% -22% ~12% 0% 0% 9.7% 0% 0% 0%
1928 0% 33% 7% -30% -7% 0% 0% 0% 0% -1% -1% . 0%
1940 0% 0% 0% 24% 20% 8% 0% 0% 0% -32% -17% -5%
1951 0% 33% 23% -26% -23% 0% 0% 0% 0% 0% 0% 0%
1954 33% 19% -26% -23% -1% -2% 0% 0% 0% -3% -1% 0%
1957 33% 2% 0% -20% -20% 0% 0% 0% 0% 0% 0% 0%
1973 0% 33% 29% -15% ¯ °32% -16% 0% 0% 0% 0% 0% 0%
1978 0% 0% 0% °12% 0% 0% 0% 0% 0% 0% 0% 0%
1980 0% 28% 28% -41% -7% -4% -1% 0% 0% 0% 0% 0%

Average 7% 16% 8% -14% -10% , -3% 0% 0% 1% -4% -2% 0% "

I,
C--087543

C-087543





I
71 Yeer Record-Critical Yesrs
Total Exports=H.O. Banks (includes Wheeling)+Tracy Pumping Plant ~(in CFS)
Future Demand Level

Pro
~R OCT NOV ~ JAN FE~ M~R APR MAY JUN JUL AUG ~P
1924 6,264 7,487 12,563 9.557 8.315 3,897 2.753 2,971 4,374 4.668 1.610 2.843
1929 6,248 9,032 11.134 9,715 6.573 3.685 i 3,007 3,213 5,728 7,923 1,767 3,795
1931 4,725 4,470 9.081 10,134 6,483 4,207 3,133 2,671 4,302 3,764 59 3.380
1933 4.907 . 3,573 ¯ 5,441 11,212 6,735 4;596 4;166 3,457 5.915 6,768 1,930 3,920
1934 4,880 3,856 9,855 12,337 5,614 6,744 3,662 3,008 4,857 5,179 1,017 3,629
1976 14,670 14,069 8,576 7,902 8,107 5,509 3,084 3,241 5,939 9,628 4,041 3,794
1977 5,231 5,623 10.769 5.090 6,115 4,315 3,003 2.512 1,146 1,968 828 3,005
1988 3,773 6,178 11,938 14,524 2,863 4,826 2.943 2,246 4,892 8,437 2,214 3,298
1990 5,426 3,992 9,591 12,725 6,071 4,313 3,586 2,806 5,847 9,094 2,157 3,414
1991 4,162 4,484 6,605 6,529 6,731 11,319 3,7.97 2,873 5,613 5,762 2,704 5.271
1992 4,507 3.329 4.868 7.771 ~14,558 7,489 3,452 3,009 5,818 6,078 1,924 3,580

Averasle 5,890 6,008 9,129 9,772 7,288 5,536 3,326 2,910 4,948 6,297 1,841 3,630

Base (Run 411/
YEAR . OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG
1924 6.264 7.864 11.327 9.557 8.315 3.891 2.753 2.978 .4,382 4,678 1,609 2.843
1929 6.249 9,031 9.798 9,716 8.573 3,576 3,0.05 3.210 5,720 7,976 1,669 3,027
1"931 4,729 4,813 10.519 10,134 6,483 4.196 3.133 2.662 3,234 2,441 59 2,657
1933 4,910 3.545 5.442 11.212 6.735

¯
4.596 4,165 3.456 5,915 7.516 1,012 2.720

1934 4.881 3,644 9.857 11.508 5.614 6.744 3.662 3.006 5,870 5.857 1,017 2.840
.1976 11.027 10.941 ~9.818 8,540 9,349 5.509 3,093 3,241 5,937 11,087 3,173 3.799
1977 5.236 6.413 . 10.890 4.973 5.978 3.661 2.942 2,512 1.146 1.968 828 3.005
1988 3.775 6,174 11.191 11.285 2.864 4,727 2.943 3,119 5.793 9.578 2,214 3.298
1990 5.426 3.992 .10.54 ~2 11,271 6,078 4.237 3 585 2.800 5,827 9,015 2.160 3.261
1991 4.105 3.454 6.295 6,429 ¯ 6.621 11.319 3.800 2.872 5,611 ’ 6.298 2.132 4.228
1992 4.510 3.282 4.591 7.773 11.899 7,489 3,580 3,009 5,812 6,003 1.930 3.283

Avera~le 5,556 5,741 9,115 g,309 7,137 5,450 3,333 2,988 5,022 6,583 1,618 3,178

Difference - IRun 414 - Run 4111
YEAR OCT NOV DEC JAN FEB MAR APR MAY J.JN JUL AUG
1924 0 -377 1.236 0 0 6 0 -7 -8 -10 1 0
.1929 - 1 1 1.336 - 1 0 109 2 3 8 -53 9 8 768
1931 -4 -343 -1,438 0 0 1 1 0 9 1,068 1,323 ’0 723
1933 -3 28 - 1 0 0 0 1 1 0 -7"48 918 1~200
1934 -1 212 -2 829 0 0 0 2 -1,013 -678 0 789
1976 3.643 3,128 -1.242 -638 -1,242 0 -9 0 2 -1,459 868 -5
1977 -5 -790 -121 117 137 654 61 0 0 0 0 0
1988 -2 4 747 3,239 - 1 99 0 -873 -901 - 1,141 . 0 0
1990 0 0 -951 1,454 -7 76 1 6 20 79 -3 153
1991 5 7 1,030 310 100 1 10 0 -3 1 2 -536 572 1,043
1992 -3 47 277 -2 2,659 0 -128 0 6 . 75 -6 297

Avera~le 335 267 1 4 463 1 51 87 -7 -78 -74 -286 223 452

Percent Difference Run 414-411 411]’100
YEAR ~ NOV ~3 JAN FE~ MAR ARt MAY JUN JUL AUG ~
1924 0% -5% 11% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1929 0% 0% 14% 0% 0% 3% 0% 0% 0% -1% 6% 25%
1931 0% -7% -14% 0% 0% 0% 0% 0% 33% 54% . 0% ¯ 27%
1933 0% 1% 0% 0% 0% 0% 0% 0% 0% -9.95% 91% 44%
1934 0% 6% 0% 7% 0% 0% 0% 0% -17% -12%.

¯
0% 28%

1976 33% 29% -13% -7% -13% 0% 0% 0% 0% -13% 27% 0%
1977 0% -12% -1% 2% 2% 18% 2% 0% ¯ 0% 0% 0% 0%
1988 0% 0% 7% 29% 0% 2% 0% -28.% -16%. -12% 0% 0%
1990 0% 0% ;9% 13% 0% 2% 0% 0% 0% 1% 0% 5%
1991 1% 30% 5%" 2% 2% 0% 0% 0% 0% -9% 27% 26%
1992 0% 1% 6% 0% 22% 0% -4% 0% 0% 1% 0% 9%

Average 3% . 4% 1% 4% 1% 2% 0% -2% 0% 0% 14% 15%

C--087545
C-087545



71 Year RecorC.Dry Years

I Total Exportl,~H.O. Blnkl (includes Wheallng)+Trlcy Pumping Plant (in (
Future Demand Level

I
+ 1925 7.993 6.660 9.188 7.284 14.528 7.639 6.741 5.143 6.607 8.425 6.387 5.932

1926 7.102 8.894. 7.937 12.048 14.608 6.637 6.161 4.545 5.672 10.597 9.213 8.323
1930 7,729 5.870 9.860 14,523 6.711 11,066 3.619 3.547 5.676 6.393 4.130 4.802
1932 . 5,912 5.436 11,979 12.391 7.207 3.254 5,090. 3,51’3 1,845 4.332 3,412 5,416
1939 14.670 12.994 10,000 ~ 8,299 7.059 5,356 4,152 3,827 5,669 11.679 10.917 6.943

I 1944 8,009 9.033 13.197 11.890 14.615 8,661 2.875 3,908 6,750 10,253 10.699 5.942
1947 7,325 8,698 11.554 12.156 10,605 8,112 4,314 3,646 5,540 10,373 10,959 5.959
1949 8.780 7.682 9,234 9,008 .7,289 14,643 4,963 4,797 5,799 8.652 4,740 6.105
1955 7,233 10,440 14,556 14,447 9.484 4,033 3,593 3,910 6.634 10.804 11,729 6,414

I
1960 7,590 6,722 8,295 10,025 14,534 7,519 3,773 3,400 5.646 13.713 8,876 8,291
1961 6,337 8.616 10,911 9.405 13.643 7,424 3,601 3,409 5,681 9,077 10,203 5,708
1964 12.322 14.569 10.277 12.955 6.475 4.574 3.602 3.883 5.730 ’11.454 9.908 7.055
1981 13.094 10.498 11.467 13.977 8.877 8.036 4.824 3.832 5.664 12.197 10.927 8.318
1985 13.834 14.569 10.748 8.141 8.726 5.739 3.837 4.373 5.608 14.042 8.861 9.283

i 1987 10,667 6,953 11,924 12,063 9,581" 10,763 3,851 3,451 5,648 10;119 5,466 4,954
1989 3.645 5,524 6,885’ 8.482 6,752 14,668 5.502 4.070 5,639 9,445 8,801 6,688

Average 8~890 8~822 10~501 11~068 10~043 8~008 4T406 3~966 5~613 10~097 8~452 6~633

1925 7.993 6.661 9.183 7,285 11.762 7.689 6.741 5.143 6.676 10.240= . 5.473 5.930
i" 1926 7.106 6.896 7.838 11.499 11.762 6.386 6.161 4.546 5.669 11.287 11.157 8.104

1930 7.699 5.303 9.867 11.522 6.711 11.066 3.601 3.540 5.674 8.563 3.196 4.807
1932 5.865 5.436 11.279 11.493 7.20~7 3.084 5.088 3.517 1.832 4.319 3.399 5.416

i 1939 11.027 10.941 11.318 10.993 7.125 5.356 4.152 3.826 5.665 11".287 11.147 6.262
~ 1944 7.879 9.492 10.774 11.797 12.442 8.661 4.113 3.907 6.748 11.287 8.768 5.943

1947 7.328 8.701 11.425 10.780 10.605r 8.112 4.315 3.846 5.538 11.287 10.473 5.965
1949 8.780 8.256 9.374 9.008 7.289 11.538 4.963 ,4.801 6.308 10.817 4~733 6.105
1955 7.240 10.442 11.278 11.685 9.474 4.269 3.593 3.910 6.626 11.287 11.008 6.440

I 1960 7.593 6.719 8.034 10.025 11.816 7.519 3.771 3.400 5.642 11.287 11.124 8.298 ’
1961 .6.339 8.619 10.920 9.405 11.673 7.424 3.572 3.409 5.675 11.286 8.978 5.708
1964 11.027 10.941 10.285 11.624 6.475 4.683 3.600 3.882 5.729 11.287 ;11.103 7.080
1981 11.027 10.484 11.454 11.926 10,634 8.480 4.824 3.830 5.656 11.287 11.150 7.398

o 1985 11.027 10.941 11.722 11.349 9.206 5.739 3.835 4.371 5.604 11.287 11.157 8.473I 1987 10.667 7.314 10.591 11.484 9.581 10.763 3.849 3.451 5.635 9.168 5.468 4.956
1989 3.645 5.524 6.885 8.482 6~752 ’11.388 5.502 4.046 5.640 11.287 11.157 6.688

Average 8.265 8.292 10,139 10,647 9~407 7.835 4T480 3.964 5~645 10.454 8.718 6,473

I Difference Run 414 - Run 411
YEAR (~ " NOV I~ JAN F:B3 MAR APR MAY JUN JUL AUG SEP
1925 0 ’ -1 3 -1 2.766 -50 0 0 -69 -1.815 914 2
1926 -4 -2 99 549 2.846 251 0 -1 "3 -690 -1.944 219
1930 30 567 -7 3.001 0 0 18 7 2 -2.170 934 -5.

~ 1932 47 0 ’ 700 898 0- 170 2 -4 13 13 13 0

| 1939 3.643 2.053 -!.318 -2.694 -66 0 0 1 4 392 -230 681
¯ 1944 130 -459 2.423 93 2.173 0 -1.238 1 2 -1.034 1.931 -1

1947 -3 -3 129 1.376 0 O -1 0 2 -914 486 -6
1949 0 -574 ;140 0 0 3.105 0 -4 -509 -2.165 7 0
1955 -7 -2 3.278 2.762 10 -236 0 0 8 I" -483 721 -26
1960 -3 3 261 . 0 2.718 0 2 0 4 ~2.426 -2.248 -7
1961 -2 -3 -9 0 1.970 0 29 0 6 -2.209 1.225 0
1964 ¯ 1.29~;~ 3.628 -11 1.331 0 -109 2 1 1 167 -1.195 -25
1981 2.067 14 13 2.05t -1.757 -444 0 2 8 910 -223 920I 1985 2.807 3.628 -974 -3.209 -480 0 2 2 4 2.755 -2.296 810
1987 0 -361 ! .333 579 0 0 2 0 1 3 951 -2 -2
1989 ’.     0 0 0 0 0 3.280 0 24 -1 -1.842 -2.356 0

Average 625 531 361 421 638 373 -74 2 -32 -357 -266 160 "
Percent Difference Run 414 - Run 411 ~’100

1925 0% 0% 0% 0% 24% -1% 0% 0% -1% -18% 17% 0%
1926 0% 0% 1% 5% 24% 4% 0% 0% 0% -6% -17% 3%
1930 0% 11% 0% 26% 0% 0% 0% 0% 0% -25% 29% 0%
1932 1% 0% 6% 8% 0% 6% 0% 0% 1% 0% 0% 0% ..

¯ 1939 33% 19% -12% -25% -1% 0% 0% 0% 0% 3% -2% 11%
1944 2% -5% 22% 1% 17% 0% ~ -30% 0% 0% -9% 22% 0%
1947 0% 0% 1% 13% 0% 0% 0% 0% 0% -8% 5% 0%

! 1949 0% -7% -1% 0% 0% 27% ’ 0% 0% -8% -20% 0% 0%
[ 1955 0% 0% 29%~ 24% 0% " -6% ¯ 0% 0% 0% -4% 7% 0%

’1960 0% 0% 3% 0% "23% 0% 0% 0% 0% 21% -20% 0%
1961 0% 0% 0% 0% . 17% 0% 1% 0% 0% -20% 14% 0%
1964 12% 33% 0% 11% 0% -2% 0% 0% 0% 1% -11% 0%

I 1981 19% 0% 0% 17% -17% -5% 0% 0% 0% 8% -2% 12%
1985 25% 33% -8% -28% -5% 0% . 0% 0% 0% 24% -21% 9.6%
1987 0% -5% 13% 5% 0% 0% ~ 0% 0% 0% 10.4% 0% 0%
1989 0% 0% 0% 0% 0% 29% 0% 1% 0% -16% -21% 0%

I ’
..Average 6% 5% .3% 4% 5% 3% -2% 0% 0% -4% 0% ~ 2%

C--087546
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71 Year Record-Above Normal Years
Total Exr-orts=H.O. Banks (includes Whee!ing)+Tracy Pumping Plant (in CFS)
Future Demand Level

Pro (Run 414)
~J~ .. OCT NOV ~ JAN FE~ . MAR APR MAY JUN .. JUL AUG I. SEP
1922 6,549 7,052 14,027 14,285 9,064 9,116 8,062 8,673 14~800 3,848 8,129 6,594

¯ 1928 7,711 14.569 12,587 14,524 9,444 8.221 7,372 5.811 6.430 8.657 11.472 5.137
1940 6,839 6,186 8.150 14,524 14.480 13,523 8,095 6,803 6,472 10,308 8,252 8,145
1951 9,304 14.569 14.519 8,684 8.202 8,573 6,257 7,063 6,428 13,283 9,306 9,750
1954 10,464 14,56.9 10,066 14,524 9~304 8,847 7,372 6,728 6,373 ¯ 11,183 11,914 6,415
1957 14,670 10,828 6,624 11,272 11,107 .8,610 5,876 5,549 6.853 13,954 9,142 9,965
1973 " 8,213 14,569 14,55.6 11,693’ 6.552 8,409 6,797 6,804 7,965 11,698 9,561 6,492
1978 3,844 4,421 11,242 13,082 5,480 7,093 8,310 8,630 7,276 5,745 7,759 6,413
1980 7,915 11;905 14,556 14,473 10,461 7,475 7,267 6,775 ¯ 6,436 10,791 8,436 8.277

Average 8,390 10,963 11 ~814 13,007 9,566 8,874 7,268 6,982 7,67"0 9,941 9,330 7,465

Base (Run 4111
YEAR OCT NOV. ~ JAN F~B MAR APR MAY JUN JUL AUG ~
1922 6,549 7,052 ’11,518 12,179 12,821 10,333 8,062 8,673 11,277 9,872 7,498 6,570
1928 7,704 10.941 11.369 11.780 10.484 11,309 7~372. 5.805 6,434 11,287 10,180 5,138
1940 6,842 6,185 8,051 11,815 12.142 11,580 8,095 6,781 6,46.7 11,287 11,157 7,726
1951 9,305 10.941 11.853 12,729 8.482 8,380 6.260 7,063 6.425 11.287 11,146 9,032
1954 10,488 10.941 10.074 11,532 11,762 10,834 7,372 6,726 6,374 11,287 11.147 6,191
1957 11.027 10.639 6.624 10,144 12.046 10.485 5,874 5.549 6.850 11,287 11,157 9,184
1973 8,220 10.941 11.259 11.622 ¯ 11.767 ~ 8,295 6.797 6,804 7,956 11,287 10,510 6,479
1978 3.844 4.421- 11.247 11,123’ 5.480 7,093 8,310 = 8,630 7,276 8,857 5,946 6,396
1980 7.924 10.941 11.365 12.729 12.821 8.245 7.267 6.775 6,432 10.600 10.553 8.277

Average .7.,989 9,222 ’ 10 373 11,739 10,867 9,617 7,268 6,978 7,277 10,783 9,922 7,221

Difference .Oct(Run 414- Run411~_~
YEAR . NOV JAN FEB MAR . APR MAY JUN JUL AUG SEP
1922 0 0 2,509 2,106 -3,757 -1,217 0 0 3,523 -6,024 631 24
1928 . 7 3,628 1,218 2,744 -1,040 -3,088 .0 6 -4 -2,630 1,292 -1

" 1940 -3 1 99 2.709 2.338 1,943 0 22 5 -979 -2.905 419
1951 " -1 3.628 2.666 -4.’045 -280 193 -3 0 3 1,996 -1.840 718
1954 --24 3.628 -8 2.992 -2.458 -1,987 0 2 -1 -104 767 224
1957 3,643 189 0 1,128 -939 -.1,875 2 0 3 2,667 -2.015 781
1973 -7 3,628 3,297 71 -3,215 114 0 0 9 411 -949 13
1978 0 0 -5 1,959 0 0 0 0 0 -3,112 1,813 17
1980 -9 964 3,191 1,744 -2,360 -770 0 0 4 ~ 191 -2.117 0

Average 401 ,!,741 1,441. 1,268 -1,301 -743’ 0 3 394 -843 -591 244

Percent Difference Run 414 Run 411’ "100
OCT NOV EL:C JAN F~ MAR /sPR MAY JUN JUL AUG

1922" 0% 0% , 22% 17% -29% -12% 0% 0% 31% -61% 8% 0%
1928 0% 33% 11% 23% -9.9% -27% 0% 0% 0% -23% 13% 0%
1940 0% .0% 1% 23% 19% 17% 0% 0% 0% ’ - -9% -26% 5%
1951 0% 33% 22% -32% ~3% 2% 0% 0% 0% 18% -17% 6%
1954 0% 33% 0% 26% -21% o18% 0% 0% 0% -1% 7% 4%
1957’ 33% 2% 0% 11% -8% -18% 0% 0% 0% 24% -18% 9%
1973 0% 33% 29% 1% -27% 1% 0% 0% 0% 4% -9% 0%

Average 4% 16% 13% 11% -11% -7% 0% 0% 4% -9% -3% 3%

C--087548
C-087548
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71 Year Record-Critical Years
Total Outflow from Delta (DV58+DV60+RF91) (in CFS)
Existing Demand Level

Pro|ect
YEAR’ OCT NOV ~ ,JAN FE~ MAR ~ MAY JUN ~ AUG
1924 4.168 5,401 6.865 6.412 9.614 10,430 5,837 5,218 4,000 5,801 3,415 3.008
1929 4.001 5,600 6.425 5.712 10.111 10.012 7,312 6,432 7,107 6.167 3,415 3,008
1931 4,001 4,504 5.277 6,027 7,798 7,068 7,819 4’,505 4,000 4,449 3,415 3,008
1933 4,.001 4,504 4,754 7,214 8,486 8,555 10,399 6,036 6,830 4,001 3,415 3,008
1934 2.,9.92 3,645 6,440 7,470 12,775 11,401 10,399 5,577 6,897 4,001~ 3,415 ~ 3,008
1976 11,877 10,829 8,757 6,833 11,442 9,876 7,522 6,367 6,897 4,374 3,415 3,008
1977 2,992 4,689 6,445 6,436 7,852 6,788 6,897 4,505 4,000 4,001 3,415 3,008
1988 4,001 4,843 6,894 14,679 11,400 7,970 7,300 6,496 6,897 4,672 3,415 3,008
1990 ’ 4.001 4,504 6.450 6.912 11,400 7,308 10,251 5,919 6.897 6,026 3,702 3,008’
1991 2,992 4,412 5,460 5,074 8,072 21,263 11,258 5,364 7,037 5,913 3,415 3,008
1992 2,992 4,199 5,533 5,377 20,980 14,086 10,513 5,700 6,764 5,707 3,415 3,008

AverageI 4,365 5,194 8,300 7,1,04 10,903 10,432 8,682 ¯ S,647 6,121 6,010 3,441 3,008

Base (Run 420!
YEAR OCT NOV I~ JAN ~ MAR APR MAY J.,IN JUL AUG ~
1924 4,168 5,403 6.989 6,379 9.614 10,430 5,837 5.221 4,000" 5,458 3,415 3.008
1929 4,001 5.599 6,710 5.712 10.111 10,012 7,309 6,432 7,107 6,013 3,415 3,008
1931 4,001 4.504 ~4.879 6.029 7.800 7.068 7,819 4,505 4.000 4,001 3.415 3.008
1933 4.001 4,504 4.761 7.217 8.489 8,555 10,399 6,036 6.830 4,001 3,415 3,008
1934 2,992 3,645 6.440 9;436 12.775 11,401 10,399 5,577 6.897 4,001 . 3.415 3.008
1976 14.959 11,497 6.355 5.893 10,669 9.758 7,522 6,367 6.897 4.370 3,415 3,008
1 977 2.992 4,679 7.111 5.797 7.852 6,788 6.897 4,505 4.000 4,001 3.415 3.008
1 988 4,001 4.844 6,904 17.933 11.400 7.800 7,300 6.496 6,897 5.546 3,431 3.008
1990 4,001 4.504 6,391 7,867 11,400 "7.309 10,251 5.911 6.897 5.610 3.551 3,008
1 991 2.992 4.244 5..388 5,025 8,027 21.264 11.258 5,364 7,037 5.724 3.415 3.008
1992 2,992 4,162 5,512 5,375 23,697 14,087 10,377 5,700 6,765 5,860 3,415 3,008

Average 4,645 5,235 6,131 7,515 11,076 10,407 8,670 5,647 6,121 4,962 3,429 3,008

" !Difference IRun 413- Run 42(3
YEAR OCT NOV ’DI~ .JAN FE~ MAR AF~ MAY JJN JUL AUG SEP
1924 0 -2 -124 33 0 0 0 -3 0 343 0 0

I1929 0 1 -285 0 0 0 3 0 0 154 0 0
1931 0 0 398 o2 -2 0 0 0 0 448 0 0
1933 0 0 -7 -3 -3 0 0 0 0 0 0 0
1934 0 0 0 ~1,966 0 0 0 0 0 0 0 0

¯ 1976 -3.082 -668 2.402 940 773 118 0 0 0 4 0 0 ¯
1977 0 10 -666 639 0 ~0 0 0 0 0 0 0
1988 0 - 1 -10 -3,254 0 170 0 0 0 -874 316 0
1990 0 0 . 59 -955 0 . -1 0 8 0 416 151 0
1991 0 168 72 49 45 -1 0 0 0 189 0 0
1992 0 37 21 2 -2,717 -1 136 0 -1 -153 0 0

Average -280 -41 169 -411 -173 26 13 0 0 . 48 12 0

Percent Difference [~Run 413-420 4201"100 !

1924 0% 0% -2% 1% 0% 0% 0% 0% 0% 6% 0% 0%
1929 0% 0% -4% 0% 0% 0% 0% 0% 0% 3% 0% 0% ¯
1931 0% 0% 8% 0% 0% 0% 0% 0% 0% 11% 0% 0%
1933 0% 0% 0% 0% 0% 0% 0% 0% 0% ~ 0% 0% 0%
1934 0% ~ 0% 0% -21% 0% 0% 0% 0% 0% 0% 0% 0%
1976 -21% -6% 38% 16% 7% 1% 0% 0% 0% 0% 0% 0%
1977 o 0% 0% -9% 11% 0% 0% 0% 0% 0% 0% 0% 0%
1988 0% 0% 0% -18% 0% 2% 0% ’ 0%. 0% -15% 0% 0%
1990 0% 0%. 1% -12% 0% 0% 0% 0% ’0% 7% 4% 0%
1991 0% 4% 1% 1% 1% 0% 0% 0% 0% 3% 0% 0% I1992 0% 1% 0% 0% -11% 0% 1% 0% 0% -3% 0% 0%

Average    -2%       0%      . 3%       -2%       0%       0%       0%       0%       0%       1%       0% " 0%

!
C--087551

C-087551



71 Year Record.Dry Years
Totat Outt|ow 1tom Delta (DV59+DVa0+RF91) (in CFS)
Existing Damand Lave!

1925 5.,056 5,062 5.790 6,001 41,775 14,227 20,769 11,424 8,326 6,960 5,213 3,891
1926 5,299 4,982 5,391 7,050 26.844 11,141 18,826 11,211 6,117 7,053 5,192 3,885
1930 4,696 5,273 6.487 11,020 12,969 21,136 10,647 8,269 6,117 5,690 4,066 3°008
1932 3,477 4,221 8,229 7,914 15,639 ~11,401 11,259 9,426 10,541 4,993 4,066 3,293
1939 13,449 11,570 9,523 11,357 12,201 9,698 10,399 7,579 6,269 6,946 ’4,811 3,669
1944 5,422 6,393 .5,192 6,396 26,530 17,850 9,233 7,579 6,378 6,745 4,743~ 3,487
1947 4,634 5,356 6,644 6,430 12,826 15,081 11,259 7,579 6,131 7,313 5,638 3,961
1949 5,825 5.725 5.830 5,469 8,647 40,469 10,571 11,124 7,389 6,327 4,749 4,102
1955 4,001 7,109 13,331 12,835 11,400 7,598 7,983 8,221 8,080 7,363 5,370 5,000
1960 4,780 5,042 6,991 6,037 18,149 14,231 11,400 7,579 6,297 7,529 5,457 4,105
1961 4,470 5,688 7,031 6,070 19,994 13,281 10,362 7,579 6,182 7,539 5,513 3,793

~m 1964 6,418 20,893 6,564 23,421 11,400 8,487 7,579 7,579 6,702 7,397 5,798 4,402

| 1981 6,099 7,359 11,018 22,654 24,183 29,932 12,223 7,579 6,117 6,952 4,792 3,487
1985 6,520 30,691 23,900 10,888 14,937 14,122 8,185 10,012 6,117 7,353 5,447 3,822
1987 4,478 5,633 4,598 5,773 12,343 23,407 10,629 7,579 6,117 7,171 5,397 3,533
1989 2,992 4,968 5,316 5,796 8,175 27,879 18,365 10,391 6,117 7,500 5,612 3,820

AverageI 5T489 8~498 8T240 9~694 17~376 17~496 ,!1,856 ,,8~794 6,937 8~927 5,117 3,829
Base

~ (3CT NOV ~ JAN FE~ MAR APR MAY JUN JUL ,. AUG SEP
1925 5,057 5,069 5,792 6,001 44,581 14,229 20,771 11,427 8,322 6,885 5,189 3,873
1926           5,299           4,980           5.333           7,883         29.682        10,656        18,633         11,210         6,117           6,950        " 5,170           3,868
1̄930 4,910 5,271 6,486 14,077 12,970 21,213 10,544 8,268 6,117 5,828 4,066 3,008
1932 3,477 4,221 9,032 9,469 15,639 11,401 11,259 9,426 10,541 4,993 4,065. .3,297
1939 15,746 8,743 ¯ 9.099 10.475 11.919 ! 9.698 10,399 7,579 6,269 6,946 4,811 3.669

I 1944 5,422 6.383 5,192 6,:396 27,563 17,051 9.233 7,579 6.378 6,782 4.755 3.488
1947 4,635 5.356 6,639 6.370 12.826 15.083 11,259 7,579 6,131 7,157 5.759 3.899
1949 5,562 5.728 5.811 5,472 6.645 43.592 10,575 11,124 7,369 6,060 4,721 4,104
1955 4,001 7,941 16,633 14.729 11.400 7,600 7,986 8,232 8,069 7,165 6,126 5.495
1960 4,780 5,482 7,174 5,714 20,540 14,127 11,400 7,579 6,291 7,187 6,026 4;070

i 1961 4,471 5,683 7,026 6.073 ¯ 22,927 13,284 10,210 7,579 6,182 7,226 6,032 3.794
1964 8,069 24,690 6.154 19,426 ~- 11.400 8.490 7,579 7,579 6,703 7,163 6,062 4.379
1981 9,134 6.253 9.480 22.568 24.088 29,668 12,223 7,579 6.117 6,952 4.792 3..487
1985 9.792 31,119 20,638 10,749 14.610 14,122 8,185 10,012 6,117 .7,170 5,817 3,822
1987 4,746 5.635 4,596 5.775 12.344 2~.028 10.398 7,579 6.117 7.168 5,397 3,536

I 1989 2,992 4,936 5,310 5,795 8.175 31,153 18,368 10,267 6.117 7,276 6,031 3,821

Average , 6,131 8,59~ 8~150 9~81~ 18~0~’2 17,900 11,826 8 787 6.935 ~;~8~7 5,301 3,851
Difference Run’ 413 - Run 429

I 1925 .1 .7 -2 0 -2,808 -2 -2 -3 6 75 24 15
1928 o 2 58 ..33 -2~,83~ 485 .7 1 o 103 22 17
1930 - 14 2 1 -3.057 -1 -77 103 1 0 -138 0 0
1932 0 0 -803 -1,~55 0 0 0 0 0 0 0 -4

I . 1939 -2,297 2.827 424 882 282 0 0 0 0 0 0 0
1944 0 10 0 0 -1,033 799 0 0 0 -37 -1~ -1
1947 -1 0 5 60 0 -2 0 ~0 0 156 -121 62
1949 263 -3 19 -3’ 2 -3,123 -4 0 20 267 28 -2
1955 0 -832 -3,302 -1,894 0 -2 -3 -11 11 198 -756 -495

I 1960 0 -440 -183 323 I -2,391 104 0 0 6 342 -569 35
1961 - 1 5 5 o3 -2,933 -3 152 0 0 313 -519 - 1
1964 -1,651 -3,797 410 3,995 0 -3 0 0 -I 234 -264 23
1981 -3,035 1,106 1,538 86 95 264 0 0 0 0 0 0
1985 -3,272 °428 3,262 139 327 0 0 0 0 183 -370 0 ’

I 1987 -268 -2 O -2 ’ -1 ’ -1,621 231 ~} 0 3 0 -3
1989 0 .32 6 1 0 -3,274 -3 124 0 224 -419 -1

Average ! , -642 , "" .9,5 90 -116 -708 -403 29 7 3 120 :185 ;22~’
Percent Difference Run 413 - Run 420’ ’100

1925 0% 0% 0% 0% -6% 0% ¯ 0% 0% . 0% t% 0% 0%
1926 0% 0% 1% -11% -9.6% 5% 0% 0% 0% 1% 0% 0%
1930 0% 0% 0% -22% 0% 0% 1% 0% 0% . -2% 0% 0% ’

I 1932 0% 0% -9% -16% 0% 0% 0% 0% 0% 0% 0% 0%
1939 o16% 32% 5% . 6% 2% 0% 0% 0% 0% 0% 0% 0%
1944 0% 0% 0% 0% -4% 5% 0% 0% 0% o1% 0% 0%¯
1947 0% 0% 0% 1% 0% 0% 0% 0% 0% 2% -2% 2%
1949 5% 0% 0% 0% 0% -7% 0% 0% 0% 4% 1% 0%

i 1955 0% -10.5% -20% -13% 0% 0% 0% 0% 0% 3% -12% -9%
1960 0% -8% -3% 6% -12’% 1% 0% 0% 0% ¯ 5% -9% 1%
1951 0% 0% 0% 0% -13% 0% I% 0% 0% 4% -9% 0%
1964 -20% -15% 7% 21% 0% 0% 0% 0% 0% 3% -4% 1%
1981 -33% 18% 18% 0% 0% 1% 0% 0% 0% 0% 0% 0%

I 1985 -33% -1% 16% 1% 2% 0% 0% 0% 0% 3% -6% 0%
1957 -6% 0% 0% 0% 0% -6% 2% 0% 0% 0% 0% 0%
1989 0% 1% 0% 0% 0% -11% 0% 1% 0% 3% -7% 0%

-6%      1% .... 1%      -2%      -2%      -1% ; 0%       0%       0%      2%      -3%      0%

I
C--087552

C-087552





Total Outflow from Delta (DV69+DV60.+RF~l (in CFS)
Existing Demand Level

IRun 413)
Y~ OCT NOV [T~C JAN I:~ MAR APR MAY JUN JUL AUG SEP
1922 4,001 4,976 6,797 " 9,148 42,012 30,918 19,274 44,198 25,805 8,002 ’ 5,302 3,614
1928 5,470 16,812 6,394 20,289 24,133 99,307 23;762 13,494 7,579 9,021 6,172 3,881
1940 " 4,751 5,225 5,656 17,503 48,054 100,482 63,761 14,523 7,579 8,002 5,659 3,473
1951 5,829 40,717 79,794 64,679 65,443 27,447 13,145 15,230 7,579 9,464 6,243 4,150
1954 7,092 13,351 9,206 28,098 59,105 44,719 39,037 17,583 7,579 9,349 6,378 4,202
1957 11,561. 6,487 5,444 9,469 35,121 41,754 15,456 13,161 8,673 9,489 7,205 3,987
1973 5,728 ¯ 11,885 15,712 75,801 93,831 59,525 15,653 14,633 "10,310 8,002 5,853 4,170
1978 2,992 4,044 6,854 62,973 60,480 68,524 40,511 17~638 8,766 8,002 5,302 5,227
1980 4,001 7,224 8,904 113,449 132,382 69,367 16,291 12,001 7,579 8,002 5,302 5,425

Avera~le 5,714 12,302 16,085 44,601 62,285 . 60,227 27~432 18,051 10,161 8,593 5~935 4,237

ease    (Run
YEAR    OCT     NOV     DEC     JAN     F~     MAR     /~     MAY     JUN.    JUL     AUG
1922 4,00!    4,976    8,444 ~1,14g 39,225 =29,791 19,274 44,198 26,900 8,002    5,302    3,614
1928 5,470 20,454 7,194 16,809 23,483 99,281 23,762 13,494 7,579    9,086    6,197    3,882
1940 4,751    5,228    5,654 20,320 50,441 101,381 63,761 14,460 7,57~    9,468    6,527    3,732
1951    5,836 44,349 81,991 61,340 62,943 27,433 13,145 15,230 7,579    9,455    6,243    4,150
1954 10,735 15,464 6,382 25,856 59,048 44,589 39,037 17,583 7,579    9,501    6,413    4,201
1957 15,084 6,691    5,444    7,215 33,138 41,729 15,457 13,161 8,673    9,491    7,205    3,987
1973 5,737 15,513 19,017 73,956 89,842 57,993 15,653 14,633 10,310 8,002    5,853    4,170
1978 2,992    4,044    6,849 62,011 60,48Q 68,770 40,511 17,638 8,766    8,002    5,302 ’ 5,227
1980     4,001     10,258    12,128 108,178 131,764 69,112    16,217    12,001     7,579     8,002     5,302     5,436.

Average 6,51~’    14,109    17,011    42,982    61,152 60,009    27,424    18,044    10,283    8,779     6;038     4,267

Difference (Run 413 - Run 420’
YEARCC~                NOV      ~      JAN       FI~      MAR      /~R       MAY      JJN       JUL       AUG       ~
1922     . 0         0       -1,647    -2,001     2,787     1,127       0         0      -1,095       0         0         0
1928       0       -3,642     -800     3,48r0      650       26        0         0         0        "65       "25        "1
1940       0         "3        2       "2,817    "2,387     "899       0        63        0       "1,466     "868      "259
195"1       "7      "3,632    "2,197     3,339     2,500      14        0         0         0         9         0         0
1954    "3,643    "2,113    2,824     2,242      57     ’ 130        0         0         0        "152      "’35        1
1957    "3,523     "204       0       2,254     1,983      25        "1         0         0         "2         0         0
1973      "9      "3,628    "3,305     1,845     3,989    "1,532       0         0         0         0         0         0
1978       0         0         5        962        0       "246       0’        0         0         0         0         0
1980      0      "3,034    "3,224    5,271      618      255       74        0        0         0         0        "11

Ayerage -798’    -1,806    -927     1’,619    1,133     218       8         7       o122     -186     -103      -30

Percent Difference. [(Run 413 -Run 420~/Run 420]’100
YEAR . OCT NOV CEC JAN FE~ MAR N~R MAY JUN JUL AUG SEP
1922 0% 0% -20% -18% 7% 4% 0% 0% -4% 0% 0% 0%
1928 0% -18% -11% 21% 3% 0% 0% 0% 0% -1% 0% 0%
1940 0% . 0% 0% ~14% -5% -1% 0% 0% 0% -15% -13% -7% ’
1951 0% -8% -3% 5% 4% 0% 0% 0% 0% "0% 0% 0%
1954 -34%. -14% 44% 9% 0% 0% 0% 0% 0% -2% o1% 0%
1957 . -23% -3% 0% 31% 6% 0% 0% 0% 0% 0% 0% 0%
1973 0% -23% -17% 2% 4% . 3% 0% 0% 0% 0% 0% 0%
1978 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0% 0%
1980 0% -30% -27% 5% ~0% 0% 0% 0% 0% 0% 0% 0%

Average -6% -11% -4% ’5% 2% 1% 0% 0% 0% -2% -2% -1%

C--087554
C-087554





71 Year Record-Wet Years
Total Outflow from Delta (DV58+DV60+RF91) (in CFS)
Existing Demand Level

Percent Difference Run 413 - Run 420)/Run 420]’100
YF_AR OC’I" NOV [TcC JAN R~ MAR APR MAY JUN JUL AUG S~P
1927 0% -29% -4% ’ -6% 4% -4% 0% 0% 0% 0% 0% 0%
1938 0% -4% -2% 19% 1% 0% 0% 0% 0% 0% (1% -25%
1941 3% -4% 2% 3% 1% 4% 0% 0% 0% 0% 0% 0%
1942 -27% 26% 0% j 0% 0% 1% 0% 0% 0% 0% 0% 0%
1943 -25% 15% 3% 0% 1% 0% 0% 0% 0% 0% 0% 0%
1952 , 0% -13% -7% -1% 6% 3% 0% . 0% 0% 0% 0% -33%
1953 12% 6% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1955 0% 0% -4% 2% 2% 9% 0% 0% 0% 0% 0% -4%
lr958 "29% "25% ’’8% 13% 2% 0% 0% 0% 0% ¯ 0% 0% "33%
1963 "13% "34% 9% 45% "2% " 0% ~.0% 0% 0% 0% 0% 0%
1965 0% -3% -4% -2% 8% 7% 0% 0% 0% -5% 0% 0%
1967 0% -6% -9% -2% 9% 0% 0% 0% 0% 0% 0% -27%
1969 0% -4% -24% -1% 4% 0% 0% 0% 0% 0% 0% -27%
1970 13% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1971 0%’ ~23% -5% 6% 4% 6% 0% 0% 0% 0% 0~/; 0%
1974 °2% °6% -2% 4% 0% 0% 0% 0% 0% 0% 0% -35%
1975 -26% 30% 33% 1% 0% 0% 0% 0% 0% 0% 4% .9%
1982 0% -13% -4% 3% 5% 0% 0% 1% 0% 0% 0% -23%
1983 8% ’0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0%
1984 ; 0% 0% 0% 0% 0% 0% 0% 0% "0% 0% 0% 0%
1986 ’ 0% -5% -1% -22% -1% 2% 6% 0% 0% 0% 0% 0%

Average -4% -4% -1% 3% 2% 1% 0% " 0% 0% 0% 0% -10%

C--087556
C-087556
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71 Year Record-Above Normal Years
Total Outflow from Delta (2020C9A-SR.WCB+SD~-414.F) (in CFS)
Future Demand Level

~Run 414I
YEAR ~ NOV [T~-C JAN FEB MAR APR MAY JUN ,, JUL AUG SEP
1922 4,001 4,968 7,280 9,232 43,076 29,640 19,596 44,794 23,068 8,002 6,443 3,397
1928 4,214 12,783 6,452 12,916 20,400 96,316 24,129 13,622 7,579 8,024 8,146 3,008

.1940 4,001 ’ 5,185 6,210- 18,914 41,455 97,311 63,989 14,615 7,579 9,081 6,130 4,658
1951 4,886 39,090 89,577 65,165 65,538 26,023 13,319 15,925 7,579 10,i76 6,874 5,519

- 1954 5,421 8,582 6,240 19,200 58,452 44,671 39,663 17,678 7,579 9,479 7,964 3,995
1957 8,096 6,461 4,992 7,108 33,000 41,174 15,945 13,277 8,647 10,280 6,909 5,540
1973 4,444 11,517 14,767 71,325 93,687 59,622 15,872 14,347 10,352 9,701 6,883 3,889
1978 2,992 4,152 6,799 58,152 62,007 62,666 39,688 16,622 9,263 8,002 6,206 3,725
1980 4,001 6,594 8,708 94,141 131,348 67,886 15,791 12,444 7,579 9,076 6,192 3,650

. Average 4,673 11,039 16,.781 39,573 60,996 58,368 27,555 18,147 9,914 ~ 9,091 6,861 4,153

Base’ (Run 411.)
YEAR OCT NOV [TL--C JAN FE~ MAR APR MAY JUN JUL ’ AUG
1922 4,001 4,968 9,789 ~11,339 39,320 28,424 19,596 44,794 26,591 8,877 5,591 3,422
1928 4,225 16,415 7,673 15,663 19,363 93,261 24,130 13,622 7,579 9,547 7,329 3,008

I 1940 4,001 5,185 6,159 2~1,626 43,796 100,681 63~995 14,512 7,579 9,550 7,400 4,441
1951 4,887 42,534 85,847 61,122 65,260 26,221 13,321 15,932 7,579 9,556 7,517, 5,307
1954 5,397 12,210 6,233 19,203 55,994 42,689 39,670 17,678 7,579 9,539 7,617 3,809
’1957 11,739 6,670 4,992 6,651 30,986 39,304 15,945 13,283 8,647 9,545 7,612 5,301
1973 ’ 4,447 15r153 18,072 72,757 91,195 59,739 15,876 14,351 10,349 9,544 7,212 3,906
1978 2,992 4,152 6,794 60,111 62,007 61,985 39,167 16,622 9,263 8,369 5,302 3,742
1980 4,001 7,566 11,907 97,691 128,995 67,116.. 15,791 12,444. 7,579 .9,007 7,146 3,650

Average 5,077 . 12,761 17,496 40,685 59,657 57.,713 ’ 27,499 18,138 10,305 9,282 6,970 4,065

Dlfferen’ce Run 414 -Run 411
YEAR NOV JAN FE~ MAR APR MAY . JUN JUL AUG SEP
1922 0 0 L2,509 -2,107 3,756 1,216 0 0 -3,523 -875 852 -25
1928 -11 -3,632 -1,221 -2,747 .1,037 3,055 -1 0 " 0 -1,523 817 0
1940 0 0 51 -2 712 -2,341 ’-3,370 -6 103 0 -469 -1,270 217
19.51 -1 -3,444 3.,730 4,043 278 -198 -2 -7 0 620 -643 212
1954. 24 -3,628 7 -3 2,458 1,982 -7 .0 0 -60 347 186 "
1957 -3,643 -189 0 457 2,014 1,870 0 -6 0 735 -703 239
1973 -3 -3,636 ! -3,305 -:1~432 2,492 -117 -4 -.4 3 157 -329 -17
1978 0 0 5 -1,959 0 681 521 0 0 -367 904 -17
1980 0 -972 -3,199 -3,550 2,353" 770 0. 0 0 69 -954 0

Avera~le -404 -1,722 -716 -1,112 1,339 654 56 10 ~391 " -190 -109 88

Percent Difference ..Run 414 -"Run 411)/Run 411]’100
~ OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
1922 0% 0% -26% -19% 9.6% 4% 0% 0% -13% -9.9% 15% -1%

I 1928 ~- 0% ~ i -22% -16% -18% 5% 3% 0% 0% 0% -16% 11% 0%
1940 0% 0% 1% -13% -5% -3% 0% 1% 0% -5% -17% 5%
1951 0% -8% 4% 7% 0% -1% 0% 0% 0% 6% -9% 4%
1954 0% -30% 0% 0% 4% 5% 0% 0% 0% -1% 5% 5%
1957 -31% -3% 0% 7% 6% 5% 0% 0% 0% ~ 8% -9% 5%
1973 0% -24% -18% -2% 3% 0% 0% 0% 0% i. 2% -5% 0%
1978 0% 0% 0% -3% . 0% 1% 1% 0% 0% -4% " 17% 0%
1980 0% -13% -27% -4% 2% 1% 0% 0% 0% 1% -13% 0%

Average -3% -11% -9% -5% 3 % 2% 0°/= 0% -1% -2% -1% 2%

I
C--087560

C-087560





71 Vear Record-Wet Years
Total Outflow from Delta (2020CgA.SRWCB+SDIo414.F) (in CFS)
Future Demand Level

Percent Difference ~lRun 414 - Run 411 IR,un 411]’100
~ OCT NOV I]£-(] JAN FEB MAR ~ MAY JUN JUL AUG
1927 0% -26% 0% -9,8% 4% 0% 0% 0% 0% 4% -6% 5%
1938 0% -17% -6% 3% 1% 0% 0% 0% -2% _~ 0% 11% -6%
1941 0% 0% -8% 3% -1% 3% 1% 0% 0%

r "7%
8% "3%

1942 "25% "33% 1% 6% 1% "1% 0% 0% 0% "1% 12% "3%
1943 "35% "30% 2% 5% 0% 0% 0% 0% 0% "4% "5% 26%
1952 0% 0% "8% "3% 1% 2% 0% 0% "4% 0%’ 0% "15%
1953 "26% "3% 7% 3% 0% 0% 0% 0% 0% "4% "7% 0%
1956 0% 0% "4% "2% 3% 0% 0% 0% 0% "6% "5% 1%
1958 "17% "18% "18% ~ 2% 1% 0% 0% 0% "8% "8% ’ 15% " ",16%
1963 "14% "33% 7% ~8% "2% 0% 0% 0% 0% 2% "11% 6%
1965 0% 0% 0% "1% 8% 0% 0% 0% 0% 1% "9.9% 0%
1967 0% 0% . "9% "6% "2% 0% 0% 0% "7% "7% 0% "25%
1969 0% "4% "24% "2% 1% 1% 0% 0% "2% 0% "1% "20%
1970 "22% 0% 6% 1% 0% "1% 0% 0% 0% 4% "2% 5%
1971 0% "24% ~’5% "3% 3% 5% 0% 0% 0% 1% "10.02% 3%
1974 0% "5% "5% 1% 5% 0% 0% 0% 0% "8% "3% "8%
1975 "30% "20% 26% 45% 0% 0% 0% . 0% 0% "14% 17% "’7%
1982 1% "15% ’ "6% "1% 5% 1% 0% 0% 0% 0% 0% "’20%
’1983 ¯ "12% 3% 4% 1% 0% 0% 0% 0% 0% 0% "14% 3%
1984 2% 0% 0% 0% 0% 0% 0% 0% 0% 9% "14% 0%
1986’ 0%. 0% "12% "23% "2% 1% 3% 0% 0% 1% "13% 0% ,,,

Average -9% -11% -2% 2% 1% 1% 0% 0% -’~% -2% -2% -3%

C--087562
(3-087562
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71 Year Record-Dry Years
X2 Position (in Kilometers)
Existing Demand Level

Pro
YEAR OCT NOV DEC JAN FI~ MAR APR . MAY JJN JUL AUG . ~P
1925 86.1 85.1 83.7 82.9 67.8 71.1 69.3 73.3 77.0 79.6 82.7 85.9
1926 84.6 84.7 84.1 81.8 70.9 74.0 71.0 74.0 79.6 80.4 83.~ 86,0
1930 86.3 84.8 82.7 78.0 75.2 70.5 74.2 77.4 80.7 82.4 85.5 88,8
1932 89.1 87.4 81.7 80.2 74.5 75.0 75.3 76.7 76.3 82.0 85.4 88.1
1939 76.0 75.4 76.7 75.8 74.9 76.4 76,3 78.7 81.0 80.9 83.7 86.7
1944 84.9 82.8 83.8 82.5 71.2 70.5 75.3 78.4 78.7 80.4 83.7 87.1
1947 85,9 84.5 82.4 82,0 76.6 73,6 74.8 78.2 81.0 80.6 82.4 85.7
1949 83.1 83.1 83.0 83.4 80.1 67.1 73.2 74.8 78.4 80.8 83.8 85.9
1955 86.3 82.5 76.4 74.7 75.1 78.3 79.0 79.0 79.1 79.9 82.6 84.0
1960 85.1 84.8 82.1 82.4 74.0 73.2 74.6 78.2 80.8 80.3 82,5 85.5
1961 85.8 84.0 81.9 82.3 73.3 73.4 75.4 78.4 " 81.0 80.3 82.5 86.1
1964 82.2 72,9 78.7 70.9 73.8 77.1 79.0 79.6 80.8 80.4 82.1 84,8
1981 82.7 81,1 77.4 70.7 68.0 65.5 71,5 77.2 80.7 80,.8 83.7 87,1
1985 82.0 69.9 67.8 73.2 72.5 72.7 77.0 76.8 80,5 80,4 82.6 86.0..
1987 85.7 84.1 85,1 83.7 77.4 70.5 74.2 78,1 81.0 80.7 82.8 86.7
1989 90.2 86.5 84.8 83.6 80.5 70.1 69.9 74.2 ’ 79.7 79.9 82,2 85.9

Average ’84.8 82.1 80.8 79.3 74.1 72.4 74.4 77.1 79.8 80.6 83.2 .86.3

Base (Run 420)
YEAR OCT NOV 13~ JAN ~ ’ MAR APR MAY JUN JUL AUG SEP
1925 86.2 85.1 83.7 82.9 67.3 71.0 69.3 73,3 77.0 79.7 82.8 86.0
1926 84.7 84.7 84.2 ~ 81.0 69.8 74.0 71.0 74.0 79.6 80.5 83.0 86,1
1930 86.3 84.8 82.7 76.1 74.5 70.3 74.2 77.4 80,7 82.2 85.4 88.8
1932 89.1 87.4 81.0 78.6 73.9 74.8 75.2 76.7 76.3 81.9 85.4 88.1
1939 74.1 76.9 " 77.5 76.7 75.4 76.5 76.4 78.8 81.0 80.9 83.7 86.7
1944 84.9 82.9 83.8 82,5 70.9 70.7 ’ 75.4 78.4 78.7 80.4 83.6 87.1
1947 85.8 84.5 82,4 82.1 76.6 73.6 ’ 74.8 78.2 81.0 80.7 8~2.3 85.8
1949 83.0 83.1 83.0 83.4 80.1 66.6 73.0 74.7 78.4 81.1 84.0 85.9
1955 86.3 81.7 74.5 73.0 74.5 78.1 78.9 79.0 79.1 80.1 81.6 82.9
1960 85.1 84.1 81.7 82.7 73.2 72.9 ’ 74.5 78.1 80.8 80.6 81.9 85.3
1961 85.7 84.0 81.9 82.3 72.2 73.1 75.4 78.4 81.0 80.6 81.9 85.9
1964 80.5 71,0 78.6 72.3 74.3 7.7,2 79.0 79.6 80.8 80,6 ,81.9 84.8
1981 79.6 81.3 78~7 71.1 68.2 65.6 71.6 77.2 80.7 80.8 83.7 87.1
1985 78.8 68.7 68.~ 73.5 72.8 72.8 77.0 76.8 80.6 80.6 82.2 85.9
1987 85.3 83.9 85.1 83.7 77.4 69.9 74.2 78.1 81.0 80.7 82.8 86.7
198,9 90.1 86.6 84.8 83.6 80.5 69.3 69.7 74.2 79.7 80.2 81.8 85.8

Avera~le 84.1 81.9 80.8 79.1 73.9 72.3 74.4 77.1 79.8 80.7 83.0 86.2

Difference
Oc~Run 413 - Run 420YEAR NOV ~ JAN R~ MAR APR MAY JUN JUL AUG

1925 -0.1 0.0 0.0 0.0 0.5 0.1 0.0 0,0 0.0 -0.1 -0.1 -0.1
1926 -0.1 0.0 -0.1 0.8 1.1 0.0 0.0 0.0 0.0 o0.1 0.0 -0.1
1930 0.0 0.0 0.0 1.9 0.7 0.2 0.0 0.0 0.0 0.2 0.1 0.0
1932 0.0 0.0 0,7 1.6 0.6 0.2 0.1 0.0 0.0 0.1 0.0 0.0
1939 1.9 -1.5 -0.8 -0.9 -0.5 -0.1 -0.1 -0.1 0.~) 0.0 0.0 0.0
1944 0.O -0.1 0.0 0.0 0.3 -0.2 -0.1 0.0 0.0 0.0 0.1 0.0
1947 0.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 -0.1 0.1 -0.1
1949 0.1 0.0 0.0 0.0 0.0 0.5 0.2 0,1 0.0 -0.3 -0.2 0.0
1955 0.0 0.8 1.9 1.7 0.6 0.2 0.1 0.0 0.0 -0,2 1.0 I .I
1960 0.0 0.7 0.4 -0.3 0.8 0.3 0.1 0.1 0.0 -0.3 0.6 0,2
! 961 0.1 0.0 0.0 0.0 1.1 0.3 0.0 0.0 0.0 -0.3 0.6 0.2
1964 ~ 1.7 1.9 0.1 -1.4 -0.5 -0.~ 0.0 0.0 0.0 -0.2 0.2 0.0
1981 3.1 -0,2 -1.3 -0.4 -0.2 -0.1 -0.1 0.0 0,0 0.0 0.0 0.0
1985 3.2 1.2 -0.8 -0.3 -0.3 -0.1 0.0 0.0 -0.1 -0.2 0.4 0.1
1987 0.4 0.2 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
1989 0.1 -0.1 0.0 0.0 0.0 0.8 0.2 0.0 0.0 -0.3 0,4 0.1

Average 0.7 0.2 0.0 0.2 0.3 0.2 0.0 0.0 0.0 -0.1 0.2 0.1

C--087564
C-087564



71 ~fear Record-Be|ow Norma! Years
X2 Position (in Kilometers)
Existing Demand Level

Pro (Run 413)
YF_AR oc’r NOV ~ - JAN FI~ MAR APR MAY JUN JUL AUG ~EP
1923 81.5 78.2 67.3 64,5 ’ 66.7 74.1 70.0 73.3 77.3 79.4 81.7 86.1
1935 90.2 85.6 84.2 74.6 75.0 70.8 64.9 65.0 73.5 78.5 82.3 87.6
1936 86.8 85.0 82.8 73.2 61.3 63.8 ’ 68.0 73.0 77.0 80.1 83.5 87.8
1937 87.4 85.5 83.0 81.6 68.7 62.5 67.0 72.0 74.3 79.3 83,4 88.0
1945 85.0 83,3 81.9 82.0 66.4 66.2 72.5 75.5 76.6 80.0 83.5 87.3
1946 85.4 , 82.0 ’63.9 60.3 65.3 69.1 73.6 74.8 77.0 79.9 82.7 86,5
1948 84,8 84.1 83.3 82.3 77.6 76.3 71.4 67.7 72.7 75.5 79.8 83,3
1950 86.1 84.9 83.9 79.3 70.4 71.3 71.5 74.0 7~.8 78.5 8,0.9 84.9
1959 74.1 75.3 ’ 80.0 68.3 60.8 67.8 75.2 78.4 80.2 80.0 82.6 85.0
.1962 86.3 85.0 82,3 82,5 66.9 68.9 74.5 75.0 79.1 78.9 81.6 84.9
1966 83.9 75.9 78.9 69.5 67.8 68.0 73.1 74.7 79.0 79.4 8i.3 84.9
1968 73.0 74.0 75.0 68.1 59.3 61.7 71.6 77.2 79.8 80.0 82.8 85.4
1972 81.9 81.6 75.5 74.3 71.2 68.0 74.0 78.0 80.1 79.3 81.6 85.8
1979 82.4 82.0 83.8 . 72.1 63.8 64.2 69.5 " 72.4 74.7 79.4 83.5 87.2

Avera~le 83.5 81.6 79.0 73.8 67.2 ’ 68.1 71,2 73.6 77.0 79.2 82.2 66.1

Base (Run 420)
YEAR ~ NOV DEC JAN FE~ MAR AF~ MAY JUN JL~. AUG ~P
1923 78.6 75,8 67.3 65.1 66.9 73.3 69.8 73.2 77.3 78.9 81.4 85.7
1935 90.2 85.6 84.2 73.5 74.7 70.7 64.8 64,9 73.5 77.7 81.6 87.4
1936 86.8 .85.0 84.~ 72.7 61.0 64.4 68.2 73.1 77.0 79.0 82.5 87.4
1937 87,3 85.5 82.6 81.4 68.3 ,62.7 67.0 72.5 74.5 79.3 83.4 88.0
1945 85.0 83.3 80.2 81.5 66.6 66.3 72,6 75.5 76.6 80.0 83,5 87.3

.1946 85.4 78.9 .62’.5 60.6 65.4 69.3 73,6’ 74.8 77.0 79.3 . 82.2 86.4
1948 84.8 83.9 83.3 82.3 77.6 76.3 71.4 67.7 72.7 77.3 80.0 82.0
1950 86.1 84.9 84.4 77.4 69.3 70.9 71.3 74.0 76.8 78.7 80,4 84.6
1959 73.9 75.3 80.0 68.4 60.9 67.9 75.2 78.4 80,2 80.0 82.6 85.0
1962 86.2 85.0 82.3 82.5 66.5 68,7 74.5 75,0 79.1 79.4 81.5 84.9
1966 83.1 73.9 77.2 70.5 68.7 68.3 73.2 74.8 79.0 79.4 61.3 84.9
1968 73.1 74.4 75,2 68.1 59.3 6 i .7 71.6 77.2 79.8 80.0 82.8 85,4
1972 79.3 80.4 75.3 76.0 71.8 68.2 74.0 78.0 80.1 79.7 81.1 85.7
1979 79.5 80.5 83.3 73.0 64.1 64.3 69.6 72.4 74.7 .    79.4 83.5 87.2

Avera~le 82.8 80.9 78.7 73.8 67.2 88.1 71.2 73.7 77.0 79.2 82.0 85.9

Difference (Run 413 o Run 420
YF_AR ~ NOV DEC JAN R~       MAR AFR MAY JJN JL~ AUG SEP
1923 2.9 2.4 0.0 -0.6 -0.2 0.8 0.2 0.1 0.0 0.5 0.3 0.4
1935 0.0 0.0 0.0 1.1 0.3 ¯ 0~1 0,1 0.1 0.0 0.8 0.7 0.2
1936 0.0 0.0 -1.4 0.5 0.3 -0.6 -0.2 -0.1 0.0 1.1 %0 0.4
1937 0.1 0.0 0,4 0.2 0.4 ;0.2 0.0 -0.5 -0.2 0.0 0.0 0.0
1945 0.0 0.0 1.7 0.5 -0.2 -0.1 -0.1 0.0 0.0 ¯ 0.0 0.0 0.0
1946 0.0 3.1 1.4 -0.3 . -0.1 - -0.2 0.0 0.0 0.0 0.6 0,5 0.1
~. 948 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1o8 -0.2 1.3
19.~0 0.0 0.0 -0.5 1.9 1.1 0.4 0.2 0.0 0,0 -0.2 0.5 0.3
1939 0.2 0.0 0.0 -0.1 -0.1 -0.1 0.0 0.0 0.0 ’ 0.0 0.0 0.0 "
1962 0.1 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0 -0.5 0.1 0.0
1966 0.8 2.0 1.7 -1.0 -0.9 -0.3 -0.1 -0,1 0.0 0.0 0.0 0.0
1968 -0.1" -0.4 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1972 2.6 1.2 0.2 -1.7 -0.6 -0.2 0.0 0.0 0.0 -0.4 0.5 0.1
1979 2.9 1.5 0.5 -0.9 -0.3 -0.1 -0.1 0.0 0.0 0.0 0.0 0.0

Avera~le 0.7 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2

C--087565
C-087565



"/~ "fear Record-Above Normal Years
X2 Position (in Kilometers)
Existing Demand Level

{Ron 413)
Y’EA~ ~ I~V [~ JA~ ~ ~ A.z:~ MAY JUN ~ AUG
1 922 82.9 84.1 82.1 79.2 68.8 64.8 67.8 62.4 84.8 74.6 80.9 85.9
1928 84.8 75.4 79.7 72.3 68.6 56.5 63.5 ~70.1 76.7 77.5 ’ 80.7 85.3
1940 85.7 84.7 83.7 74.8 64.1 54.9 55.4 66.9 75.7 78.1 81.6 86.4
1951 83.6 68.2 58.0 56,3 5~.7 62.1 69.9 71.3 77.1 77.3 80.5 84.7
! 954 81.3" 76.0 77.2 69.0 60.6 60.0 60.8 67.2 75.8 76.9 80.3 84.6
1957 77.2 80.2 82.6 79.1 67.9 62.9 68.9 72.1 76.3 77.0 79.4 84.7
1973 84,0 77.8 73.6 60.2 54.2 55.7 66".4 70,5 74.5 77,7 81,2 84.9
1978 90.3 88.1 83.4 64.8 59.1 56.2 59.3 66.7 74.5 77.7 81.9 83.4
1980 87.2 82.7 79.6 59.1 51.2 53.5 65.4 ’    71.6 77.2 78.6 82.2 83.2

Avera~le 84.1 79.7 77,@ 68,3 60.9 58,5 64.2 68.8 74.7 77.3 81.0 84.8

Base (Run 420)
YEAR OCT NOV ~ JAN FE~ MAR .N=R MAY JUN JUt. AUG SEP
1922 82.9, 84.1 80.5 77.1 66.4 65.0 67.9 62.5 64.5 74.4 80.9 85.9
1928 84.8 73.9 .78.3 73.3 69.1 56.7 63.5 70.1 76.7 77.5 80.7 85.3
1940 85.7 84.7 83.7 73.6 , 63.3 54.6 55.3 ¯ 66.9 75.7 76.8 80.1 85.4
1951 83.4 67.5 57.6 56.6 56.0 62.2 69.9 71.3 77.1 77.3 80.6 84.7
1954 78.1 73.9 79.3 70.3 61.0 60.1 60.9 67.2 75.8 76.8 80.2 84.5
1957 75.1 79.3 82.3 81.1 69.0 63.3 69.0 72.1 76.3 77.0 79.4 84.7
1973. 83.9 75.7 7t.5 59.7 54.3 55.9 66.5 70.5 74.5 77.7 81.2 84.9
1978 90.3 88.1 83.4 64.9 59.1 56.2 59.3 66.7 74.5 77.7 81.9 83.4
1980 87.2 80.0 76.3 58.4 51.0 5~.5 65.4 71.6 ~77.2 78.6 82.2 " 83.2

Avera~le 83.5 78.6 77.0 68.3 61.0 58.6 64.2 68.8 74.7 77.1 80.8 84.7

Difference IRun 413 - Run 420 ’-
YEAR OCT NOV ~EC JAN F~ MAR , APP, MAY JUN JUL ALIG SEP
1922 0.0 0,0 1.6 2.1 0.2 -0.2 -0.1 -0.1 .0.3 0.2 0.0 0.0
1928 0.0 1.5 1.4 -1.0 -0.5 -0.2 0.0 0.0 0.0 0.0 0.0 0.0
1940 0.0 0,0 0.0 1.2 0.8 0.3 0.1 0.0 0.0 1.3 1.5 1.0
1951 0.2 0,7 0.4 -0.3 -0.3 -0.1 0.0 0.0 0.0 0.0 -0.1 0.0
1954 3.2 2.1 -2.1 -1.3 -0.4 -0.1 -0.1 0.0 0.0 0.1 0.1 0.1
1957 2.1 0,9 0.3 -2.0 -1.1 -0.4 -0.1 0.0 0.0 0.0 0.0 0.0
1973 0.1 2.1. 2.1 0.5 -0.1 -0.2 -0.1 0;0 , 0~0 0.0 0.0 0.0
1978 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1980 0.0 2.7 3.3 0.7 0.2 0.0 0.0 0.0 0.0 0.0 ¯ 0.0 0.0

Avera~le 0.6 1 ol 0.8 0.0 -0.1 -0.1 0.0 0.0 0.0 0.2 0.2 0.1

C--087566
C-087566



I
~e~t t~ecotd-Wet Years

X2 Position (in Kilometers)
Existing Demand Level
Pre IRun 413)

~N~ OCT " NOV ~ JAN FE~ MAR ~ APR MAY JUN JUL AUG ~£P
i927 85.0 80.5 81.2 72.0 56.2 59.9 59.6 65.8 74.8 77.8 ’ 81.4 87.1
1938 87.5 73.5 61.0 62.8 51.8 47.2 52,6 55.0 60.6 73.2 79.8 81.4
1941 86.3 84.4 68.4 56.4 51.2 51.0 52.4 58.4 69.6 76.1 80.8 82,6
1942 78.9 74,3 61.5 55.6 49.4 60,7, 59.2 61.6 67.8 75.5 80.6 82.6
1943 77.8, 72.7 68.0 57.8 56.9 54,2 61.9 68.2 76.1 ’      78.2 81.5 87.2
1952 84.3 82.5 67.9 57.3 54.6 55.5 55.6 56.0 60.8 73.2 79.9 80.2
1953 73.6 74.3 64.6 55.0 62.4 67.7 70.0 68.9 70.7 ." 76.5 80.9 82.5
1956 " 86.1 84,2 64.1 51.5 51.7 59.1 66.7 63.0 69.4 76.1 79.8 81.6
1958 82.5 81.6 74.8 66.6 52.2 49.5 50.0 57.4 61.9 73.6 80.0 80.9
1963 72.5 78.1 71,7 73.4 61.0 64.4 55.9 62.5 72.9 77.2 80,7 83.0
1965 86.4 83.3 63.9 5441 61.1 67.9 ’ 62.3 66.5 75.5 77.7 81.3 85.9
1967 85.4 . 83,2 70.0 62.6 58.6 57.5 58.3 59.1 60.9 71.7 79.4 80.1
1969 84.5 83.7 78.6 58.6 50.8 54.9 57.6 56.8 62.7 73.8 80.1 77.9
1970 " 71.7 72.5 62.2 48.8 50.7 58.5 69.7 76.2 78.7 78.6 81.6 85.6
1971 84.7 77.8 63.0 60.1 64.7 61.1 67.6 66.3 71.5 76.7 80.2 81.9
1974 83.7 65.6 58.9 51.2, 57.3 52.3 53.8 63.7 70.8 76.5 80.9 81.0
1975 78.6 76.1 75.1 ’ 75.9 61.8 55,4 64.1 , 64.5 69.5 76.1 80.0 81.3
1982 85.6 72.7 59.1 55.0 52.0 52,5 48.4 55,4 65.7 74.8 80.3 76.3
1983 67.3 61.8 55,0 51.4 45.9 41.6 46.8 50.’~ 52.8 60.0 71.5 67.7
1984 63.7 ’ 56,3 48..8 51.2 56.1 60.1 69.2 74.5 77,5 78.7 81.7 82.6
1986 85.4 84.5 82.0 79.5 54.1 48.4 58..6 70,1 76.7 78.5 81.6 85.3

Average 80.5 76.4 66.7 59.8 55.3 56.2 59.1 62.9 68.9 76.3 , 80.2 81.7
Base (Run 420~

1927 65.0 77.8 80.0 71.1 56,1 59.6 59.5 65.8 74.8 77.8 81.4 87.1
1938 87.5 73.2 60.7 64.1 52.3 47.4 52.7 55.1 60.6 73.2 79.8 79.2
1941 86.2 84’.0 68.4 56.6 51.4 51.4 52.5 58.4 69.6 76.1 80.8 82.6
1942 76.5 75.3 61.9 55.8 49.5 60.8 59.3 61.6 67.8 75.5 80.6 82.6
1943 75.7 73.0 68,3 57.9 56.9 54.3 61.9 68.2 76.1 78.2 81.5 87.2
1952 84.3 81.4 66.9 56.9 54.9 55.8 55.7 56.0 60.8 73.2 79.9 77.1
1953 73.5 74.7 64.9 55,1 62.4 67.8 70.0 68.9 ¯ 70.7 76.5 80.9 82.5
1956 85.8 84.1 63.7 5i.5 51.9 59.9 66,9 63.1 69.4 76.1 79.8 81.3
1958 79.9 78.5 73.2 67.0 52.5 49.6 50.0 57~4 61.9 73.6 80.0 77.9
1963 71,4 74.6 71.2 76,1 61.7 64.6 55.9 62.6 72.9 77.2 80,7 83.0
1965 66.4 83.0 63.5 53.9 6!.7 68.5 62,5 , 66.6 75.5 ,77.3 81.2 85.8
1967 85,4 82.7 69.2 ’62.2 59~0 b’7,7 58.4 59,2 60.9 71.7 79.4 77.7
1969 84.5 83.4 76.4 57.8 50.9 54.9 57.7 56.8 62.7 73.8 80.1 75.5
1970 71.9 72.5 62.3 48.9 50.7 58.6 69.7 76.2 78.7 78,6. 81.6 85.6
1971 84.7 75.8 62.0 60.3 65.1 61.6 67.8 66.4 71.5 76.8 80.2 81.9
1974 83.5 65.1 58.6 ¯ 51.4 57.4 52.3 53.8 63.7 70.8 76.5 80.9 77.7
1975 75.3 77.1 77.6 76.8 62.1 55.5 64.2 64,5 69.5 76.1 80.2 80.7
1982 85.6 " 71.7 58.4 55.0 i" 52.4 52.7 48.5 55.4 65.7 74.8 80.3 74.3
1983 67.2 61.8 55.0 51,4 45.9 41.6 46.8 50.7 52.8 60.0 71.5 67.7
1984 63.7 56.3 48.8 51.2 . 56.1 60.1 69.2 74.5 77.5 78.7 81.7 82.6
1986 85.4 84.2 81.8 77.6 53.4 48.3 59.0 70.2 76.8 78.5 81.6 85.3

Average 80.0 75.7 66.3 69.9 55.4 66.3 69.1 62.9 68.9 75.2 80.2 80.7
Difference ~Run 413 - Run 420)

1927 0.0 2.7 1.2 0.9 O. 1 0,3 0.1 0.0 0.0 0,0 ¯ 0.0 0.0
1938 0.0 0.3 0.3 -1.3 -0.5 -0.2 -0.1 -0.1 0.0 0.0 0.0 2.2
1941 0.1 0.4 0.0 -0.2 -0.2 -0.4 -0.1 0.0 0.0 0.0 0.0 0.0
1942 2.4 -1.0 -0.4 -0.2 -0.1 -0.1 -0.1 0.0 0.0 0,0 0.0 0.0
1943 2.1 -0.3 -0.3 -0 1 , 0.0 -0.1 O.0 0.0 0.0 0.0 0.0 0.0
1952 0.0 1.1 1.0 0.4 -0.3 -0.3 -0.1 0.0- 0.0 0.0 0.0 3.1
1953 0.1 -0.4 -0.3 -0.1 0,0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
1956 0.3 0.1 0.4 0.0 -0.2 -0.8 -0.2 -0.1 0.0 0.0 0.0 0.3
1958 2.6 3.1 1.6 -0,4 -0.3 -0.1 0.0~ 0.0 0.0 0.0 0.0 3.0
1963 1.1 3.5 0.5 °2.7 -0.7 -0.2 0.0 -0.1 0.0 0.0 0.0 0.0
1965 0.0 ~).3 0.4 0.2 -0.6 -0.6 -0.2 -0.1 0.0 0.4 0.1 = 0.1
1967 0.0 0.5 0.8 0.4 -0.4 -0.2 -0.1 -0.1 0.0 0.0 0.0 2.4
1969 0.0 0.3 2.2 0.8 -0.1 0.0 -0.1 0.0 0.0 0.0 0.0 2.4
1970 -0.2 0.0 -0.1 -0.1 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
1971 0.0 2.0 1.0 -0.2 -0.4 -0.5 -0.2 -0.1 0.0 -0.1 0.0 0.0
1974 0.2 0.5 0.3 -0.2 -0.1 0.0 0.0 0.0 0,0 0.0 0.0 3.3
1975 3.3 -1.0 -2.5 -0.9 -0.3 -0.1 ’ -0.1 0.0 0.0 0.0 -0.2 0.6
1982 0.0 1.0 0.7 0.0 -0.4 -0.2 -0.1 0.0 0.0 0.0 0.0 2.0
1983 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1986 0.0 0.3 0.2 1.9 0.7 0.1 -0.4 -0.1 -0.1 0.0 0.0 0.0

Average 0.6 0.6 0.3 -0.1 -0.2 -0.2 -0.1 0.0 0.0 0,0 0.0 0.9

C--087567
C-087567



71 Year Record-Critical Years
X2 Position (in Kilometers)
Future Demand Level

I (R, un ,414)
YEAR CX3"T. NOV I~ JAN R~, MAR APR MAY JUN JUL AUG ~
1924 86.0 84.5 81.9 82.7 78.7 77.1 81.0 83.1 85.9 86.8 88.3 89.7

¯ 1929 87.0 84.3 82,4 82,9 78.6 77.4 79.4 81,0 80.8 82.2 86.8 89.3

I 1931 87.8 86.5 83.1 82~5 80.5 80.8 80.0 83.9 86.1 86.9 88.3 89.8
"1933 87.5 ’86.4 85.7 82.2 80,5 79.5 77.4 80.8 81.0 83.7 87.3 89.4
1934 90.2 88.4 83.9 82.0 77.3 75.9 76,.2 81.0 81.0 85.1 87.7 89.6
1976 79.0 80.3 78,8. 80.7 76.6 77.7 79.0 81.0 81.0 81.3 86.5 89.2

I 1977 90.1 86.9 82.7 84.8 81.2 81.0 . 61.0 84.3 86.2 86.9 88.3 89.8
1988 87.7 85.6 82,5 75.5 75.3 78.1 79.6 81.0 81.0 81.8 86.6 89.2
1990 86.8 86.2 82.7 81.2 77.2 79.7 77.5 81.0 81.0 81.4 86.5 89.2
1991 90.1 87.4 84.5 84.3 80.8 72.2 74.4 80.8 80.8 83,9 87.3 88.9
1992 90.0 88.1 86.7 84,8 73.3 73.1 75.2 80.5 81.0 83.9 87.3 89.4

I AverageI ~7.~’ ’ 88.9 83.2 82.1 78~ 77.8 78.2 81.’~’ 02.3 84.0 07.4 80.4.

Base (Run 411!
YEAR OCT NOV ~ JAN FE~ MAR AFf:~ MAY JUN JUL AUG
1924 85.9 84.3 82.0 82.7 78.7 77.1 81.0 83.1 85.9 86.8 88.3 89.7
1929 87.1 84.3 83.3 83,2 78.7 77,4 79.4 81,0 80.8 82.1 86.8 89,2
1931 87.7 86.5 82.7 82.4 80.4 80.8 ¯ 80,0 83.9 . 86.1 86.9 88.3 89.8
1933 87.5 86,4 85.7 82.2 80.5 79.5 77.4 80.8 8"~.0 82.7 86.9 89,3
1934 90.1 88.8 84.0 81.1 77.0 75.8 76.2 81.0 81.0 84.3 87.5 89.5
1976 ~76.4 76.6 80.6 82.1 77,9 78.1 79.1 ¯ 81.0 81.0 81.0 86.4 89.1
1977 90.1 86.3 82.5 84.7 81.2 81,0 81.0 84.3 86.2 86.9 "88.3 89.8
1988 87.7 85.7 81.7 73.8 74.8 78.1 79.6 81.0 81.0 81.4 86.5 89.2
1990 86.7 86.1 82.5 79.7 76.7 79.6 77.5 81.0 81.0 81’.5 86.5 89,2
1991 gO. 1 88.4 85.0 84.5 80.9 72.2 74.4 60.8 80.8 83.1 87.1 89.3
1992 90.1 88.2 86.9 84.9 72.4 72.8 75.2 80.5 81.0 83.9 87.3 89.4

Avera ~le 87.2 85.6 83.4 81.9 78.1 77.5 78.3 81.7 82.3 83.7 87.3 89.4

Difference ’Run 414 - Run 411)
YEAR OCT NOV DEC JAN FE~ MAR ~ MAY ~ JUL AUG
1924 0.1. 0.2 -0.1 0,0 ,0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 929 -0.1 0.0 -0.9 -0.3 -0.1 0.0 0.0 0.0" 0.0 " 0.1 0.0 0.1
1931 0,1 0.0 0.4 0.1 0.1 0.0 0.0 0.0 O.O 0.0 0.0 0.0
1933 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 . 0.0 1.0 0.4 0.1
1934 0.1 -0.4 -0.1 0.9 0.3 0,1 0.0 0.0 0.0 0.6 0,2 0.1
1976 2.6 3.7 -1.8 -1.4 -1.3 -0.4 -0.1 0.0 0.0 0.3 0.1 0.1

’ 1 977 0.0 0.6 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0o0 0.0
1988 0.0 , -0.1 0.8 1.7 0.5 0.0 0.0 0.0 0.0 0.4 0.1 0.0
1990 0.1 0.1 0.2 1.5 0.5 0.1 0.0 0.0 0.0 -0.1 0.0 0,0
1991 0.0 -1.0 -0.5 -0.2 -0.1 0,0 0.0 0.0 0.0 0.8 0.2 -0.4
1992 -0.1 -0.1 -0.2 -0.1 0.9 0.3 0.0 0.0 0.0 0.0 0.0 O.0

Avera~le 0.3 0.3 -0.2 0.2 0.1 0.,O 0.0 0.0 0.0 0.3 0.1 0.0

C--087568
C-087568



71 Year Record-Dry Years
X2 Position (in Kilometers)
Future Demand Level

Pro
YEAR OCT NOV DEC JAN FE~ MAR APR MAY Jt3q JUL ’ AUG’ SEP
1925 86.9 85.4 83.8 83,0 68.1 71.5 69.3 73.3 77.0 80.5 84.2 87~ 1
1926 87.2 85.5 84.3 82.0 71.2 74.0 70.7 74.0 79.6 80.4 82.3 83.9
1930, 86.7 85.4 82.6 77.5 74.9 70.6 74.2 77.4 80.7 83.’3 85.8 88.9
1932 89.8 87.6 81.7 60.5 74.9 75.2 75.3 76.7 76.3 82.0 85.4 88.0
1939 77.2 80.0 80.1 78.0 76.7 77.0 76.5 78.8 81.0 80.6 81.9 84.8
1944 86.2 83.7 81.5 81.4 72.9 72.3 75~4 78.4 78.7 80.2 81.9 86..7
1947 87.3 85.0 82.6 82.0 76.5 73.6 74.8 78.3 81.0 80.9 82.0 86.2
1949 84,1 83,6 82.7 83.2 79.8 66.9 73.0 74.7 78.4 80.8 85.0 87.1
1955 86,3 83.0 76.3 75.6 75.4 78.7 78.7 78.8 " 79.1 80.2 81.3 85.2
1960 85.8 84.3 82.9 82.8 "~4.0 73,7 74.7 78.2 80.8 80.2 82.4 84.0
1961 86.1 83.8 81.8 81.9 " 74.7 73.8 75.4 78.4 81.0 81.2 82.0 87.7
1964 82.6 74.0 79.5 74.2 74.9 78.1 79.3 79.7 80.8 80.6 82.2 84.8
1981 83.7 83.1 82.1 77.6 71.3 67.5 72.8 77.6 80.8 80.5 81.9 83.9
1985 82.3 71.6 69.3 74.7 74.9 75.4 77.1 76.9 80.6 80.2 82.4 83.5
1987 86,5 86.0 82.8 82.1 77.0 71.5 74.2 78.1 81.0 80.9 85,0 88.7
1989 90.1 ’ 86.6 85.0 83.6 80.5 70.1 69.8 74.2 79.7 80.5 82.5 85.9

Avere~le 85.6 83.0 81.2 80.0 74.g 73.1 74.5 77.1 79.8 80.8 83.0 86.(~

Base (Run 411!
YEAR (3CT NOV EEC JAN ,R~ MAR APR MAY J.IN JUL AUG ~
1925 86.9 85,4 83.6 83.0 67.6 71.3 69.3 73.2 77.0 79.6 84.6 87.2
1926 87.2 85.6 84.4 81.5 70.2 74.0 70,7 74.0 79,6 80.2 81.7 83.8
1930 86.7 85.9 82.8 75.8 74.4 70.4 74.2 77.4 80.7 81.4 85.2 88.7
1932 89.7 87.6 81.1 79.5 74.6’ 75.0 75.3 ’ 76.7 ,76.3 81.9 85.4 88.0
1939 75.8 77:5 80,7 80.7 77.6 77.3 76.6 78.9 81.0 80.7 81.9 85.6
1944 86.4 83.4 82.4 81.6 72.2 ’72.0 75.4 78.4 78.7 80.0 82.5 86.9
1947 r 87.3 85.0 82.4 82.4 76.6 73.7 74.8 78.3 81.0 80.7 82.0 86.3
1949 84.0 83.2 82.8 83.2 ~ 79.8 66.3 72.8 74.6 78.4 80,0 84.7 87.0
1955 86.4 83.1 74.7 73.4 74.7 78.7 78.7 78.8 "79.1 80.1 81.7 85.3
1960 85.8 84.3 83.3 82.9 73.0 73.3 74.6 78.2 80.8 80.6 81.8 83.8
1961 86.1 83.8 8:1.8 81.9 73.8 73.5 75.4 78.4 81.0 80.7 82.5 87.9
1964 81.2 72.2 78.9 73.4 74.7 78.1 79.3 79.7 80.8 80.6 81.9 64.7
1981 81.3 82.2 81.8 76.3 , 71.5 68.4 73.1 77.7 80.8 80,6 81.9 84.7
1985 79.4 69.6 69.0 77.7 76.2 75.9 77,3 76.9 80.6 80.6 i’ 81.8 83.8
1987 86.4 65.7 83,2 82.3 77.1 71.5 74.2 78.1 81.0 81.2 85.1 88.7
1989 90.1 86.6 85,0 83.6 80.5. 69.3 69.6 74.2 79.7 80.1 81,7 85,6

Avera~le 85.0 82.6 81.1 80.0 74.7 73.0 74.5 77.1 79.8 80.6 82,9 86-.1

Difference (Run 414 - Run 411
YEAR O31" NOV ~EC JAN FE~ MAR APR MAY ,,,,JJN JUt. AUG
1925 0.0 0.0 0.0 0.0 0.5 0.2 0.0 0.1 0,0 0.9 -0.4 -0.1
1926 0.0 -0.1 -0.1 0.5 1.0 0.0 0.0 0.0 0.0 0.2 0.6 - 0.1
1930 0.0 -0.5 -0.2 1.7 0.5 0.2 0.0 0.0 0.0 1.9 0.S 0.2
1932 0.1 0.0 0.6 1.0 0.3 0.2 0.0 0.0 0.0 0.1 0.0 0.0
1939 1 o4 2.5 -0.6 -2.7 -0.9 -0.3 -0.1 -0.1 0.0 -0.1 0.0 -0.8
1944 -0.2 0.3 -0.9 -0.2 0.7 0.3 0.0 0.0 0.0 0.2 -0.6 -0.2
1947 0.0 0.0 0.2 -0.4 -0.1 -0.1 0.0 0.0 0.0 0.2 0.0 -0.1
1949 0.1 0,4 -0.1 0.0 0.0 0.6 0.2 0.1 0.0 0.8 0.3 0.1
1955 -0.1 -0.1 1.6 2.2 0.-7 0.0 0.0 0.0 0.0 0.1 -0.4 -0,1
1960 0.0 0.0 -0.4 -0.1 1.0 0.4 0.1 0.0 0.0 -0.4 0.6 0.2
1961 0.0 0.0 0.0 0.0 0.9 0.3 0.0 0.0 0.0 0.5’ -0.5 -0.2
1964 1 o4 1.8 0.6 0.8 0.2 0.0 0.0 0,0 0,0 0.0 0.3 0.1
1981 ’2.4 0.9 0.3 1.3 -0.2 -0.9 -0.3 -0.1 0.0 -0.1 0.0 -0.8
1985 2.9 2.0 0,3 -3.0 -1.3 -0.5 -0.2 0.0 0.0 -0.4 0.6 -0.3
1987 0.1 0.3 -0.4 -0.2. -0.1 0.0 0.0 0.0 0,0 -0.3 -0,1 0.0
1989 0,0 0.0 0.0 0.0 0.0 0.8 0.2 0.0 0.0 0,4 0.8 0,3

Average 0.6 0.5 0.1 0.1 0.2 0.1 0.0 0.0 ’ 0.0 0.3 0.1 -0.1

¯ I
C--087569

C-087569
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71 Year Record~Above Normal Years
X2 Position (in Kilometers)
Future Demand Level                                                                                                                              I

~ ~ NOV DEE] JAN FE~ ~ AF~=I MAY ~ JUL AL~
1922 82.9 84.1 81,6 79.0 66.3 65,0 67,8 62.3 65.6 74,8 79,5 85,9
1928 86.4 78,0 80.5 76.0 71.1 57,5 63.7 70.1 76.7 78,4 78,9 86.7
1940 86.4 85,0 ¯ 83.1 74.0 64.9 55.4 55.5 66.9 75.7 :77.1 80,6 83.9

. 1951 84.5 68.8 57.4 56.0 55.6 62.5 69.9 70.9 77.0 76.7 79.6 82.3 I1954 83.3 80.1 81.5 73.3 62.1 60.5 60.9 67.2 75.7 76.8 78.5 84.4
1957 80.1 81.2 83.5 81.6 69.2 63.4 68.8 72.0 76.3 76,4 79.5 82.2
1973 85.1 78.4 74.3’ 6’0.9 54.4 55.8 66.3 70.6 74.5 ’ 76,2 79,5 84.9 ,
1 978 90.3 87.9 83.4 65.4 59.1 56.9 59.7 67.3 74.2 77.6 80.7 85.6 ¯
1980 86.6 83.2 79.9 60.6 51.7 53.9 65.8 71.5 77.2 77.6 80,7 85.8 II

Average 85.1      80.7     78’.4     69.6     61.6     59.0     64.3     68.8     74.8     76.8     79.7     84.6         I

¯

Base (RUn 411!

1922 82.9 84.1 79.3 76.6 66.2 65.3 67.8 62.3 64.5 73.7 80.2 86.1
1928 86.4 76.1 78.6 73.9 70.8 57.7 63.8 70.1 76.7 77.1 79.3 86.8
1940 86.7 85.0 83.2 73.0 64.2 54.9 55.4 66.9 75.7 76.8 79,1 83.7

I

YEAR NOV DEC JAN I:EI MA~ AP~ MAY JUN JUL AUG SEP
1 922 0,0 0.0 2.3 2.4 0,1 -0.3 0.0 0,0 1.1 1.1 -0,7 -0.2
1928 0,0 1,9 1.9 2.1 0.3 -0.2 -0.1 0.0 0.0 1.3 -0.4 -0.1
1940 -0.3 0,0 -0.1 1.0 0,7 0.5 0.1 0,0 0.0 ¯ 0.3 1.5 0,2
1951 0,1 0,6 -0.1 -0.6 -0.2 0.O 0.0 0,0 0.0 -0,5 0.5 -0.1 I1954 0.0 2.7 0.9 0.3 -0.2 -0.4 -0.1 0.0 -0.1 0.0 -0.4 -0.4
1957 2,9 1,2 0.3 -0.4 -0.6 -0.6 -0.2 0.0 0.0 -0.6 0.6 -0.1
1973 0.0 2; 1 2,2 0,9 0.1 0.1 0,0 0.0 0.0 -0.2 0.4 0.2 I1978 0,0 0,0 0.0 0.2 0.1 -0.1 -0.1 0.0 -0.1 0.3 -1,1 -0.4
1980 -0.3 1,0 2.7 1.2 0.2 0.0 0.0 0.0 0.0 -0.1 1.1 0.4

Avera~le 0.3 1,1 1.1 0.8 0,1 -0.1 0.0 0,0 0.1 0.2 0.2 -0.1

I

C--087571
C-087571



71 Year Record.Wet Years
x2 Posit|on |In K||ometers)
Future Demand Level

~ OClr NOV
1̄927 86.1 79,6 81.0 73.0 56.3 59.5 59.3 65.8 74.8 76.3 79.3 85.9
1938 87.4 75.7 63.4 65.7 53.1 47.6 52.9 55.3 61.1 "/3.3 79.1 82.2
1941 86.1 84.0 69.4 56.9 51.5 51.2 52.5 58.6 69.7 76.1 80.2 83.7
1942 82.7 81.2 64.7 56.8 49.9 61.6 59.2 61.6 68.1 " 75.6 79.8 83.7
1943 82.1 79.7 71.4 59.1 57.5 54.6 61.8 68.2 76.1 77.3 79.7 84.7
1952 85.6 82.9 68.4 57.9 55.1 55.7 55.7 56.2 61.5 73.5 79.9 81.1
1953 78.0 78.5 66.1 55.6 63.2 68.7 69.9 68.8 70.9 75.6 78.8 82.4
1956 86.5 84.2 64.3 51.7 51.6 59.3 66.5 63.0 69.7 76.2 79.8. 81.9
1958 82.2 81~6 75.7 67.4 52.8 49.6 49.8 57.2 62.7 73.9 79.0 81.1
1963 I ¯ 73.7~ 78.5 71.8 73.3 60.4 63.6 55.5 62.5 72.9 75.7 79.2 83.9
1965 85.4 83.3 64.0 54.1 60.7 68.4 62.1 66.6 75.5 76.8 79.6 86.0
1967 86.0 82,9 70.1 63.7 59,6 57.8 58.1 59.1 61,7 73,5. 80.0 81.2
1969 85.5 84.0 78.7 59.1 51.2 : 55.1 57.9 57.2 64.4 74.4 80.3" 80.3
1970 76.0 75.7 63.3 49.2 50.9 58.9 69.7 76.2 78.7 77,5 79.1 82.6
1971 85.6 78.6 64.1 61.6 65.1 61.6 67.7 66.3 71.8 75.5 7~).1 81.5
1974 84.9 66.8 59.4 51.5 57.3 52.3 53.7 63.8 71.1 ’ 75.9 79.5 81.2
1.975 81.9 81.6 77.4 76.8 61.9 55.4 . 64.0 64.6 69.8 76.2 79.7 ’ 81.4
1982 86.1 74.5 60.0 55.6 52.3 52.5 48.4 55.6 66.0 74.9 ’ 80.4 76.7
1983 68.9 62.3 55.2 51.5 46.0 41.6 46.8 50.9 53.2 60.9 74.0 ¯ 69.4
1984 64.7 56.6 49.0 51.4 56.4 60.5 69.2 74.6 77.5 76.8 80~0 82.5
1986 86.0 84.9 82.3 79.5 54.2 48.5 " 58.8 . 70.2 76.7 77.4 80.7 85.2

Avera~le 82.0 78.0 67.6 60.5 ’ 55.6 56.4 59.0 63.0 69.2 74.9 79.4 81.8
Base ~Run 4111

YEA,R ~ NOV ~ JAN ~ ~ ~ MAY ~ ~ ~ ~ .....
1927 86.1 77.3 . 80.2 71.9 56.2 59.5 59.3 65.8 74.8 76.6 78.9 86.1
1938 87.5 74.3 62.5 65.7 53.2 47.6 52.9 55.3 60.9 73.3 79.9 82.0
1941 86.1 84.0 68.8 57.0 51.5 51.4 52.6 58.6 69.7 75.6 80.6 83.6
1942 80.5 77.3 63.5 56.8 49.9 61.6 59.2 61.6 65.1 75.6 80.6 83.7
1943 78.8 75.9 70.3 59.1 57.5 54.6 61.8 68.2 76.1 77.0 79.2 86.3
1952 85.6 82.9 67.7 57.4 55.0 55.8 55.8 56.2 61.2 73.4’ 79.9 79.8
1953 75.2 77.4 66.2 55.9 63.3 68.7 69.9 68.8 70.9 75.3 78.2 82.1
1956 86.6 84.2 63.9 51.4 51.7 59.3 66.5 . 63.0 69.7 75.7 79.3 81.8
1958 80.9 79.6 73.5 66.9 52.8 49.6 49.8 57.2 62.0 73.0 79.8 80.0
1963 72.5 75.1 71.3 75.0 60.9 63.7 55.6 62.5 72.9 75.9 78.3 ¯ 84.0
1965 86.4 83.2 64.0 54.0 61.2 68.5 62.2 66.6 75.5 76.9 78.9 85.8
1967 86.2 83.0 69.4 63.0 59.2 57.7 58.1 59.1 61.1 72.8 79.7 78.8
1969 85.6 83.7 76.5 58.2 . 51.0 55.0 57.9 57.2 64.2 74.4 80.2 78.5
1970 73.5 74.9 63.5 49.4 51.0 58.9 69.7 76.2 78.7 . 77.8 79.0 82.9
1971 85.7 76.5 63.0 61.0 65.1 62.0 67.8 66.4 71.8 75.6 78.3 81.5
1974 84.8 66.4 58.9 51.5 57.7 52.4 53.8 63.8 71.1 75.3 79.1 80.4
1975 76.9’ 78.9 78.2 79.9 62.9 55.7 64.1 64.6 69.8 75.0 80.4 81.2
1982 86.4 73.3 59.1 55.2 52.5 52.7 48.5 55.6 !¯ 66.0 74.9 80.4 75.0
1983 67.4 62.0. 55.4 51.6 46.0 41.6 46.8 50.9 53.2 60.9 72.6 69.2
1984 64.8 56.6 49.0 51.4 56.4 ,: 60.5 69.2 74.6 77.5 ¯ 77.5 79.1 82.2
1-gB6 86.1 84.9 81.4 77.2 53.4 48.2 59.0 70.3 " 76.8 77.5 79.7 84.9

Average 81.2 76.7 67.0 60.5 55.6 66.4 59.1 63.0 69.1 74.8 79.2 II1.4
"Difference

OCl.~Run 414- Run 411~CEC
1927 0.0 2.3 0.8 1 1 0.1 0.0 0.0 0.0 0.0 -0.3 0.4 -0.2
1938 -0.1 1.4 0,9. 0.0 -0.1 0.0" 0.0 0.0 0.2 0.0 -0.8 0.2
1941 0.0 0.0 0.6 . -0.1 0.0 -0.2 -0.1 0.0 0.0 0.5 -0.4 0.1
1942 2.2 3.9 1.2 ¯ "0.0 0.0 ’ 0.0 0.0 0.0 0.0 0.0 -0.8 0.0
1943 3.3 3.8 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0,5 -1.6
1952 0.0 0.0 0.7 0.5 0.1 -0.1¯ -’0.1 0.0 0.3 0.1 0.0 1.3
1953 2.8 1.1 ’ -0.1 -0.3 -0.1 0.0 0.0 0.0 0.0 0.3 0.6 0.3
1956 -0.1 0.0 0.4 0,3 -0.1 0.0 0.0 0.0 0.0 0.5 "0.5 0.1
1958 1.3 2.0 2.2 0.5 0.0 0.0 0.0 0.0 0.7 0.9 -0.8 1.1
1963 1.2 3.4 0.5 -1.7 -0.5 -0.1 -0.1 0.0 0.0 -0.2 0.9 -0.1

,1965 0.0 0.1 0.0 0.1 -0.5 -0.1 -0.1 0:0 0.0 -0.1 0.7 0.2
1967 -0.2 -0.1 0.7 0.7 0,4 0.1 0.0 0.0 0.6 0.7 0.3 2.4
1969 -0.1 0.3 2.2 0.9 0.2 0.1 0.0 0.0 0.2 0.0 0.1 1.8
1970 2.5 0.8 -0.2 -0.2 -0.1 0.0 0.0 0.0 0.0 -0.3 0.1 -0.3

1971 -0.1 2.1 1.1 0.6 0.0 -0.4 -0.1 -0.1 0.0 -0.1 0.8 0.0
1974 0.1 0.4 0.5 0.0 -0.4 -0.1 -0.1 0.0 0.0 0.6 ,0.4 0.8
1975 3.0 2.7 -0.8 -3.1 -1.0 -0.3 -0.1 0.0 0.0 1.2 -0.7 0.2
1982 -0.3 1.2 0.9 0.4 -0.2 -0.2 -0.1 0.0 0.0 0.0 0.0 1.7
1983 1.5 0.3 -0.2 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.2
1984 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.7 0.9 0.3
1986 -0.1 0.0 0.9 2.3 0.8 0.3 -0.2 -0.1 -0.1 . -0.1 1.0 0.3

Avera~je 0.8 1.2 0.6 0.1 -0.1 0.0 0.0 0.0 0.1 0.2 0.2 0.4

C--087572
C-087572



~’1 Year Record-Crtt|ca| Years
Sacramento River Flow at Freeport River Flow (Regulated) (in CFS)
Existing Demand Level

Pro ~Run 413I
YEN~ OCT NOV 0B3 JAN ,, FE~ MAR ~ MAY JUN JUL AUG SEP
1924 11.427 11.586 16.302 15.805 15.271 15.895 8.044 8.722 10,291 16.984 10.190 7,746
1929 10.070 12.117 14.460 12.551 15,361" 14,130 9.362 9.815 14,192 17.377 8,273 7.847
1931 8,158 7,808 10,849 12.873 11,099 10.036 10,404 7,028 10.027 12,640 6,078 6,851
1933 8,446 8.949 9.735 14.414 13.420 11,651 12~994 8.384 12,799 10,’139 5,735 7.142
1934 7,430 6,564 13,733 17..189 13.753 17.200 13.384 8,633 13,536 10,335 6,080 " 6,842
1976 .24,913 20.509 15.624 13.398 19,051 15,023 9.790 10.202 . 14,148 12,745 8,159 7,657
1977 8.124 9.551 14,394 16.060 13.020 10,213 9.063 6,120 6,806 8.793 6.207 6,509
1988 10,789 9,948 15.984 25.075 17,055 12.197 9,117 9,507 14,~60 13.620 10,162 7.773
1990 8,651 7,505 14.236 17,202 ,15,179 11,049 12,823 7,850 14,569 16,976 10,919 7.035
1991 6.482 8.580 1.1.406 10.632 13.762 28.554 14.064 7.460 12.529 16.317 10.004 8.342
1992 6.670 "    7.685 11.439 11.477 28.251 19.058 13.074 8.912 13.787 15.930 9.193 7.765

Avera~le 10,;105 10,.073 13;469 15,152. ..15,929 ’ 15,001 11,102 8,421 12,451 ~13,714 8,27~ 7,410

Base ~Run 420I

1924 11.427 11.655 16.715r 15.481 15.271 14.513 ’8.034 8.727 10.262 15.037 10.170 7.498
1929 10.070 12.117 15~501 12.551 15.361 12;713 9.359 9.813 14.1.86 16.926 8.282 7.705
1931 8.158 8.754 10.243 12.873 11.099 10.035 10.401 . 7.023 10.019 11.090 5.591 6.851
1933 8.446 8.949 9.735 14.414 13.420 11.651 12.497 8.377 13.624 10.269 5.934 7.344
1934 7.430 6.564 13.733 17.189 13.753 17.194 13.388 8.876 14.487 10.526 6.080 7.435
1976 24.352 20.509 15.624 13.398 19.051 15.023 9.793 10.204. 14.597 12.813 8.159 7.657
1977 8.124 9.571 17.685 12.903 13.020 9.436 8.927 6.120 6.806 8.793 6.207 6.509,
1988 10.048~ 9.948 15.984 25.075 17.048 .r11.935 9.113 9.499 .14.259 15.595 10.288 8.145
1990 8.651 7.505 14.022 17.202 15.181 11.049 12.821 7.837 14.566 15.817 10.563 7.031
1991 6.482 7.996 11.151 10.483 13.607 28.554 14.064 ~.994" 13.876 16.064 7.816 8.271
1992 .6.670 7.536 11.367 11.477 28.251 19.0,58 12.909 8.913 14.286 16.461 9.277 8.058

_Average 9,987 10,100 13.796 14.622 15,915 14,651 11,026 6.489 12,817 .13,581 8.033 7,,500

Oifference ~Run 413- Run 420)

1924 0 -69 -413 324 0 1,382 10 -5 9 947 20 248
1929 0 0 -1,041 0 0 1,417 , 3 2 4 451 -9 142
1931 0 -946 606 0 0 1 3 5 8 1.550 487 0
1933 0 O, 0 0 . 0 0 497 7 -825 -130 -199 -202
1934 0 0 0 0 0 6 -4 -243 -951 -191 0 -593
1976 561 0 0 0 0 0 ~3 -2 -4¯49 -68 0 0
1977 0 -20 -3.291 3.157 0 777 136 0 0 0 0 ~0
1988 741 0 0 0 7 262 4 o 8 1 -1,975 -126 -372
1990 0 0 214 0 ’ "2 0 2 13 ¯ 23 1,159 356 4
1991 0 584 255 149 155 0 0 -534 -~I,347 253 2,188 71
1992 0 149 72 0 0 0 165 - 1 -499 -531 -84 -293

Average ’118 -27 -327 330 15 360 74 -68 ..366 133 239 -90

1924 0% -1% ¯ -2%o 2% 0% 9.5% 0% 0% 0% 6% 0 ~ 3%
1929 0% 0% -7% , 0% , 0% 11% 0% 0% 0% 3% 0% 2%
1931 o% .i1% . 6% I 0% I 0%

o~
0% o% o% ~4% 9% 0~

1933 0%. 0% 0% I 0% I 0%° 0’/. 4%° 0% ,6% .1%o -3% -3%
1934 0% 0% 0% I 0% I 0%° 0% 0% -3% -7% ’ -2% 0% -6%

,988 7~ 0% 0% l 0% I o~ 2% o~ 0%. 0% -13% ~1~ .5~199o 0% 0% 2% I °% I o% o~. o% 0% o% 7.~: 3% o~|
1991 0% 7% 2% I 1% I 1% 0~ 0% -7% -9.7% 2~ 28% 1%

Average 1% 0% -2% ~ 3% J 0% 3% 1% -1% -:~ 1% . 3% .~%

C--087573
C-087573





71 ’~ear Reco~-~eiow No,’mat Years
Sacram.ento River Flow at Freepbrt River Flow (Regulated) (in CFS)
Existing Demand Level ¯ ,
Pro (Run 413) r

1923 21,689 20,158 32.529 29,936 21,58~ 11,505’ 22,5~7 14,306 15,942 19,571 .16,109 10,338
1935 7,074 11,460 ~11,884 25,114 14,471 22,470 20,470 32,262 16,670 11J,370 14,092 9,196
1936 11,247 11,025 14,782 28,507 36,952 32,704 19,175 13,395 15,772 17,034 12,820 9,463
1.937 10,536 10,518 14,471 13,204 32.730 38,638 20,992 14,379 16,500 14,45;I 11,470 9,228
1945 13,903 13,839 16,255 13,074 43.723 26,666 11,823 12,450 18,571 15,337 12,796 9,840
1946 13,113 19,518 59.163 42,827 25,203 20,884 12,043 14,192 17,460 17,840 14,248 10,412
1948 13,447 11,730 .13,111 15,865 16,525 14,623 21,906 30,518 20,583 27,242 18,015 13,541
1950 12,090 10,897 12,190 19,664 33,851 21,344 17,676 14~468 17,616 22,451 17,450 11,358

" 1959 22,814 17,188 12,563 37,039 50,709 20,343 10,513 10,863 14,473 20,516 14,138 11,398
1962 11,720 10,614 16,264 12,136 41,752

~
24,120 11,406 15,093 14,989 24,093 15,763 ’11,470

1966 15;678 25,948 16,039 28,914 26,032. 26,551 13,059 15,049 14,462 21,090 16,932 11,341
1968 23,545 17,983 . 16,175 28,229 61,379 34,431 12,167 10,611 14,462 19,9.33 13,287 11,369
1972 19,184 17,026 22,744 18,238 25,328 32,275 11,538 10,602 14,224 23,’035 15,582 10,182
1979 t8,421 15,858 10,623 25,053 40,292 30,623 16,639 15,506 20,505 15,470 12,224 9,952

Average 15,319 lS,269 19,200 24,129 33,609 26,527 15,853 15,976 16,588 19,745 14,638 10,649
Base ~Run 420~ "

YEAR OCT NOV,. []~C JAN FE]3 MAR .,, ~ MAY JUN JUL . AUG 6EP,
1923 21,687 20,158 32,529 29,936 19,727 13,182 22,537 14,306 15,897 21,307 16,620 10,610
1935 7,074 11,460 11,884 25,114 14,471 22,470 20,470 32~262 16,656 21,004 14,897 9,196.
1936 11,247 11,025 11,605 29,507 36,952 32,690 19,175 13,395 15,767 20,703 13,978 9,463
1937 10,536 10,518 15,921 13,204 32,730 36,627 20.992 13,524 17,232 14.543 11,655 9,228
1945 13.903 13,839 16,255 13 074 43,548 26,866 11,823 12,450 18,572 15,337 12,796 9,840

.1946 13.113. i9.518 59,162 42.827 25.203 20,884 12.043 14.193 17,461 19,558 14,737 10,412
1948 13.447 12,134 13,020 15,865 16,529 14,623 21,906 30;518 20,583 21,526 19,409 17,5~7
1950 12.090 10,897 11.197 19,664 33,851 21,344 17,676 14,424 17,592 21,555 19,716 11,609
1959 22,814 17,188 12,563 37,039 50.709 20,343 10,513 " 10,863 14,473 20,516 14,138 11,398
1962 . ~ 11,720 10,614 16,264 12,028 41,752 24,120 11,336 15,095 14,981 21,488 16,504 11,470
1966 15,676 25.948 15,454 28.149 26,032 26.551 13,059 15,049 14.468 21.084 16,932 11,341
1968 23,545 17,983 16,175 28,229 61,379 34.431 "12,167 10,611 14,462 19.,933 13,287 11,369
1972 19,184 16.681 22.744 18,238 25,328 32.275 11.631 10,602 14,226 20,971 17,713 10.182
1979 16,421 15,858 10,623 25.053 40.292 30,623 16,639 15.506 20,505 15,470 12.224 9,952

Averag~l 15,318 15,273 16,957 24,066 33,465 25,502 15,855 15,913 16,634 19,643 15,329 10,974
Difference fRun 413 - Run 420)

YF_,AR OCT NOV JAN ~ k~:~ ~ MAY JUN JUL .NJG ~P
1923 2 0 0 0 1,858" -1,677 0 0 45 -1,736 ’ -511 -272
1935 0 0 0 0 ~) 0 0 0 14 -2,634 .805 0
1936 0 0 3,177 0 0 14 0 0 5 -3.669 -1,158 0
1937 0 0 -1.450 0 0 2.011 0 855 -732 -92 -185 0
1945 0 0 0 0 175 0 0 ’ 0 -1 0 0 0
1946 0 0 1 0 0 0 0 -1 -1 -1,71.8’ -489 0
1948 0 -404 91 0 -4 0 0 0 0 5.714 -1,394 -4,026
1950 0 0 993 0 0 0 0 44 24 896 -2.266 -251
1959 0 ¯ 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 108 0 0 r 70 8 8 2,605 "741 0 "
1966 0 0 585 765 0 0 0 0 "6 6 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 345 0 0 0 0 "93 0 "2 2,064 "2,131 0
1979 0 0 0 0 0 0 ’ 0 0 0 0 0 0

Average~ 0 -4 243 62 = 145 25 -2 65 -46 103 -691 -328
Percent Difference [(Run ~13 Run 420’/Run 420]°100

1923 0% 0% 0% 0% 9% -13% . 0% 0% 0% .8% -3% -3%
1935 0% 0% 0% 0% 0% 0% 0% 0% 0% -13% -5% 0%
1936 0% 0% 27% 0% 0% 0% 0%. 0% 0% -18% -8% 0%
1937 0% 0% -9% 0% 0% 5% 0% 6% -4% -1% -2% 0%
1945 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% " 0% 0%
1946 0% 0% 0% 0% 0% 0% 0% 0% 0% ~9% -3% 0%
1948 0% -3% 1% 0% 0% 0% 0% 0% 0% 27% -7% -23%
1950 0% 0% 9% 0% 0% 0% 0% 0% 0% 4% -11% -2%
1959 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1962 0% 0% 0% 1% 0% 0% 1% 0%. 0% 12% -4% 0%
1966 0% 0% 4% 3% 0% 0% 0% 0% 0% 0% ’0% 0%
1968 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1972 0% 2% 0% 0% 0% 0% -1% 0% 0% 9.8% -12% 0%

¯ 1979 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
AveraC, le 0% 0% 2% 0% 1% -1% 0% 0%. 0% 0% -4% -2%

C--087575
C-087575



I
71 Year Record-Above Normal Years
Sacramento River Flow at Freeport River Flow (Regulated) (in CFS}

i ¯
Existing Demand Level

|

I (Run 413)
Y~_AR OCT NOV EL:::C JAN FE~ MAR APR MAY JUN JUL AUG SEP
1922 10.067 10.243 15.447 16.764 35.899 29.686 21.029 46.055 33.543 13.543 10.526 10.088
1928 14.214 28.828 15.226 24.291 26.608 88.293 27.042 17.295 15.793 21.680 15.566 11.016
1940 12.608 11.135 12.557 .23.855 43.837 65.427 39.755 17.417 15.475 17.925 14.161 10.027I 1951 15.613 42.431 58.852 58.194 60.212 29.014 14.312 " 18.263 15.375 23.151 15.765 11.393
1954 21.230 24.743 15.833 32.831 57.774 47.537 41.007 21.644 15.527 22.632 15.811 11.413
1957 22.643 16.316 11.897 15.674 38.076 42.687 17.520 15.063 16.803 23.051 18.641 10.781
1973 15.083 22.326 27.289 48.322 71.664 45.792 16.912 17.832 19.435 18.248 14.285 11.294

I 1978 6.628 7.065 15.429 44.882 50.421 49,008 37.669 19.631 14.216 12.930 10.740 13.677
1980 10.573 18.369 19.763 70.182 69.056 35.876 16.642 13.875 12.244 12.732 10.987 14.383

Average 14.295 20.162 21.366 .37.222 50.394 48.147 25,765 20,786 17.601 18.432 14.054 .11.564

I
I Base (Run 420I

YEAR OCT NOV [T~ JAN FEB MAR APR ’ MAY JUN JUL AUG ~
1922 10.067 10.243 15.447 16.764’ 35.899 29.686 21.029 46.055 33.543 13.544 10.526 10.088
1928 14.214 28.841 15.226 24.291 26.608 88.293 27.042 17.296 15.794 21.892 15.633 11.016

I 1940 12.608 11.143 12.550 23.855 43.836 65.427 39.755 17.338 15.474 23.055 =16.571 10.590
1951 15.613 42.431 58.342 58.194 60.212 29.014 14.312 18.263 15.372 23.122 15.765 11.393
~954 21.230 24.743 15.833 32.831 57.774 47.537 41.007 21.645 15.528 23.118 15.910 1i.413
1957 22.523 16.316 11.897 15.674 38.076 42.687 17.521 15.063 16.798 23.058 18.641 10.781
1973 15.083 .22.326 27.289 48.158 71.664 45.792 16.912 17.832 19.435 18.248 14.285 11.294
1978 6.628 7.065 15.429 44.882 50.421 49.2~3 37.669 19.631 14.216 12.930 10.740 13.677
1980 10.573 18.369 19.763 70.182 69.056 35.876 16.642 13.875 12.244 .12.732 10.987 14.383

Average 14.282 20.164 21.308 37.203 50.394 48.174 25.765 20.778 17.600 19.078 14.340 11.626

Difference (Run 413 - Run 420/
YEAR OCT NOV DEC ’J, ~N FI~ MAR APR MAY t JUN JUL AUG ¯ SEP
1922 0 0 0 0 0 0 0 0 0 -1 0 0
1928 0 -13 0 0 0 0 0 71 -1 -212 -67 .0
1940 0 -8 7 0 1 0 0. 79 1 -5,130 -2,410 -563
1951 0 0 510 0 0 0 0 0 ’3 29 0 ’0
1954 0 0 0 0 0 0 0 -1 -1 -486 -99 0
1957 120 0 0 0 0 0 -1 0 5 -7 0 0
1973 0 0 ’0 164 0 0 0 0 0 0 0 " 0
1978 0 0 0 0’ 0 -245 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0

Average: 13 -2 57 18 0 -27 0 . 9 1 -645 ¯ -286 °63

Percent Difference [(Run 413 - RUn 420)/Flun 420] 100
YEAR OCT NOV ~ "JAN R~ MAR APR MAY JUN JUL AUG SEP
1922 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1928 0% 0% 0% 0% 0% 0% 0% 0% 0% -1% 0% 0%
1940 0% 0% 0% 0% 0% 0% 0% 0% 0% -22% -15% -5%
1951 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1954 0% 0% 0% 0% 0% 0% 0% 0% 0% -2% -1% 0%
1957 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1973 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1 978 0%. 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1980 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Avera~le 0% 0% 0% 0% 0% 0% 0% 0% 0% -3% -2% ~1%

C--087576
C-087576



71 Year Record-Wet Years
Sacramento River Flow at Freepo~ River Flow (Regulated) (in CFS)
Existing Demand Level
Pro (Run 413)

~ OCT NOV ~ JAN R~ MAR APR MAY JUN JUL AUG SEP
1927 13,321 20,705 15,101 31,202 71,075 39,061 45,968 24,267 15,671 15,798 13,444 9,497
1938 10.268 35.878 58.222 30.781 81.652 77.641 46.028 54.986 32.939 13.527 11.241 17.630
1941 11.504 12.112 35.706 72.609 74.485 57.181 42.229 39.466 19.539 13.195 10.954 14.726
1942 22.317 21.116 65.494 63.181 79.077 23.987 44.096 36.372 26.443 13.144 11.006 14.557
1943 22.294 23.628 30.088 57.144 51.816 63.524 27.911 17.904 14.569 16.028 12.758 9.446
1952 13,817. 16,464 48,658 66,163 64,256 56,067 57,566 60,752 38,553 17,255 12,128 20,134
4953 23,364 17,513 43,756 64,069 26,157 21,585 18,213 25,631 26,975 17,387 12,056 15,024
1956 . 10,107 .12,471 31,018 79,318 68,673 34,601 18,590 41,361 21,943 15,150 14,984 16,677
1958 19,921" 18,688 26,186 36,378 65,082 93,877 52,539 41,227 35,563 15,547 13,305 19,998
1963 28,838 20,913 27,934 15,997 52,278 ¯ 30,283 68,830 29,281 15,882 17,220 14,339 14,097
1965 10,276 14,655 36,095 79,759 32,996 20,14§ 45,006 24,411 15,194 19,598 13,186 10,239
1967 12,728 14,560 40,010 36,521 42,876 52,468 38,491 45,174 40,192 15,166 12,454 19,477
1969 14,045 12,392 22,577 74;171 67,092 43,847 43,156 44,408 24,949 12,586 11,400 23,591
1970 21,824 18,757 51,680 91,518 56,216 33,273 13,136 10,289 14,742 19,845 13,638 10,670
1971~ 13,738 22,362 60,628 47,446 28,664 50,667 19,323 31,190 22,755 18,067 15,329 16,673
1974 15,360 58,950 60,495 78,775 42,015 97,768 ~6,823 24,438 21,148 16,585 13,532 22,138
1975 22,706 17,805 17,880 16,032 61,624 74,092 21,533 32,214 24,876 15,577 14,825 18,106
1982 12,930 33,656 71,411 53,074 70,537 62,008 78,803 35,744 22,540 15,018 13,803 23,120
1983 29,962 40,150 58,263 57,238 82,606 87,187 64,475 56,196 51,139 23,362 15,542 24,37~
1984 27,488 64,594 85,103 45,529 38,969 33,026 14,103 12,536 15,388 18,316 13,131 15,630
1986 12T832 10w949 16~573 181731 1061923 671673 19,089 11~015 12r420 14~573 12T310 101851

Average 17~603 24,206 42~994 53,126~ 60,241 53,332 38~853 33~279 24~449 16,331 13Tl13 16~507
Base

YEAR. (~3T NOV ~EC JAN Ft~ MAR APR MAY JUN JUt- AUG
1927. 13,321 20,705 15,101 31,202 71,075 41,158 45,968 24,267 15,662 15,796 13,441 9,497
1938 10,268 33,176 56,500 80,781 81,652 77,641 46,028 54,986 32,939 13,527 11,241 17,630
1941. 11,504 12,912 31,724 67,833 74,485 57,181 42,229 39,466 19,539 13,195 10,954 14,726
1942 22,317 21,116 65,494 63,181 79,077 23,987 44,096 36,372 26,443 13,144 11,006 14,557
1943 22.294 23.628 30.088 57.144 51,816 63.524 27.911 17.904 14.569 16.028 12.758 9.446
1952 13.817 16.464 48.690 66.163 64.256 56.067 57.566 60.752 38.553 17.255 12.128 20.134
1953 23.364 17.513 43 756 64.069" 26.157 21.585 18.213 25.631 26.975 17.387 12.056 15.024
1956 10,107 12,471 30,797 73,853 68,673 34,601 18,590 41,361 21,943 15,234 15,020 16,677
1958 19,921 18,688 26,186 36,378 65,079 ’ 93,877 52,539 41,227 35,563 15,547 13,305 19,998
1963 28,838 20,913 27,934 15.997 54,175 30,283 68,830 29,281 15,896 17,042 14,339 14,097
1965 10,276 15,456 35,730 79,759 32,996 ’20,154 45,001 24,412 15,196 20,740 13,396 10,239
1967 12,728 15,346 40,010 35,761 42,876 52,468 38,491 45,174 40,192 15,166 121454 19,477
1969 14,045 13,188 22,577 73,400 67,092 43,847 43,156 44,408 24,949 12,586 11,400 23,591
1970 21,824 18,757 51,680 91,518 56,216 33,273 13,136 10,289 14,742 19,845 13,638 10,670
1971 13,738 22,362 60,628 47,446 28,664 50,667 19,323 31,190 22,755 18~402 15,329’ 16,673
1974 15.380 58.950 60.495 78.775 42.015 97.768 36.823 24.438 21.148 16.585 13.532 22.138
1975 22.708 17.805 17.880 16.032 61.624 74.092 21.533 32.214 24.876 16.297 14.669 18.106
1982 12.930 33.656 71.411 53.074 70.537 62.008 78.803 35.744 22.540 15.019 13.803 23.120
1983 29,962 40,150 58,263 57,238 82,606 87,187 64,475 56,196 51,139 23,362 15,542 24,375
1984 27,488 64,594 85,103 45,529 38,969 33,026 14,103 12,536 15,388 18,3"16 13,131 15,630
1986 12~632 111734 15~273 18~731 1071317 67~673 191089 11~015 12~410 14~497 12~286 101851

Average 17,603 24,266 42,634 52,565 60,350 53~432 38~853 33,279 24,448 16,427 13,116 16,507
Difference (Run 413 - Run 420)

YF.AR ~ r NOV DEC JAN R~ MAR .N=R MAY ¯ JUN JUL AUG SEP
1927 0 0 0 0 0 -2,097 0 0 9 2 3 0
1938 0 2,702 1,722 0 0 0 0 0 0 0 0 0 ¯
1941 0 -800 3,982 4,776 0 0 0 0 0 ¯ 0 0 0
1942 0 0 0 0 0 0 .= 0 0 0 0 ~ 0~ 0
1943 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 -32 0 0 0 0 0 0 0 0 0
1953 0 0 o 0 0 0 0 0 0 0 0 0 0
1956 0 0 221 5,465 0 0 0 0 0 -84 -36 0
1958 0’ 0 0 0 3 0 0 0 0 0 0 0
1963 0 0 0 0 -1,897 0 0 0 -14 178 0 0
1965 =0 -801 365’ 0 0 -5 5 . -1 -2 -1,142 -210 0
1967 0 -786 0 760 0 0 0 0 0 0 0 0
i.969 0 -796 0 771 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 .0 0
1971 0 0 0’ 0 0 0 0 0 0 -335 0 0
1974’ 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 -720 156 0
1982 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 -785 1,300 0 -394 0 0 0 10 76 24 0¯

Average 0 -60 360 56i -109 -100 0 0 0 -96 -3 0

C--087577
C-087577



71 ~’ear Record-Wet ,Yea;s
Sacramento River Flow at Freeport River Flow (Reguiated) (in CFS)
Existing Demand Level

Percent Difference Run 413 Run 420 °100
YEAR OCT NOV [TL-C JAN FEB MAR APR MAY JUN JUL AUG SEP
1927" 0% 0% 0% 0% 0% -5% 0% 0% 0% 0% 0% 0%
1938 0% 8% 3% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1941 0% -6% 13% 7% 0% 0% 0% 0% ’ 0% 0% 0% 0%
1942 " 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1943 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1952 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1953 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1956 0% 0% 1% 7% 0% 0% 0% 0% 0% -1% 0% 0%
1958 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%=
1963 0% 0% 0% 0% -4% 0% 0% 0% 0% 1% , 0% 0%
1965 0% °5% 1% 0% 0% 0% 0% 0% 0% -6% -2% 0%
1967 0% -5%, 0% 2% 0% 0% 0% 0% 0% 0% 0% 0%
1969 0% -6% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0%
1970 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1971 0% 0% 0% 0% 0% 0% 0% 0% 0% -2% 0% 0%
1974 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%~

1975 0% 0% 0% 0% 0% ’ 0% 0% 0% 0% -4% 1% - 0%
1982 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1983 0% 0% 0% .0% 0% 0% 0% 0% 0% 0% 0% 0%
1984 0% 0% 0% 0% 0%’ 0% 0% 0% 0% 0% 0% 0%
1986 0% -7% 9% 0% 0% 0% 0% 0% 0% 1% 0% 0%

Average 0% -1% 1% 1% 0% 0% 0% 0% 0% -1% 0% 0%

C--087578
C-087578



71 Year Record-Critical Years
Sacramento River Flow at Freeport River Flow (Regulated) (in cubic feet per second)
Future Demand Level

Pro (Run 4141
YEAR OCT NOV [~C JAN FE~ MAR APR MAY
1924 9.510 11.636 18.088 12.726 15.862 13.642 7.778 8.841 10.349 11.320 6.817 6.454
1929 9.743 12.406 14.923 12.502 15.591 12.113 9.068 9.842 14.259 16.508 7.037 7.560
1931 8.185 7.636 15.095 12.632 11.198 9.924 10.143 7.064 10.133 10.372 5.292 7.021
1933 8.382 7.253 8.958 13.717 12.233" 10.944 12.818 8.426 14.407 14.105 6.878 7.597
1934 7.562 7.048 13.925 15.374 11.792 17.317 13.361 8.943 13.593 12.008 6.300 ’7.219
1976 22.110 18..406 15.596 13.446 19.262 13.542 9.868 - 10.222 14.799 19.106 8.629 .7.477
1977 8.003 .9.611 17.557 8.410 13.342 10.516 9.022 6.291 7.076 9.088 6.155 6.553
1988 ~.431 9.891 16.332 25.252 13.580 12.273 8.943 8.685 13.436 17.353 7.431 6.861
1"990 9.096 8.075 16.484 17.804 15.016 10.596 !2.590 7.875 14.709 18.709 7.400 7.000
1991 . 6.573 . 8.643 11.97! 11.085 13.898 28.715 13.997 8.019 14.026 13.636 7.961 9.205
1992 6.766 7.295 8.768 11.245 28.984 18.667 12;853 8.976 14.410 13.873 7.172 7.295

Avera~le 9,396 9,809 14,336 14,018 15,523 14,386 10,949 8,471 12,836 14,189 7,007 7,297

Base
IYEAR OCT NOV [~3 JAN FE~ MAR APR MAY JUN JUL AUG

~1924 9.510 12.169 16.606 12.726 15.862 13.635 7.778 8.852 10.357 11.330 6.616 6.454
-1929 9.743 12.406 12.897 12.502 15.591 12.001 9.063 9.836 14.247 16.589 6.936 6.808
1931 8,185 7,976 16,874 12,632 11,198 9,900 10,143 7,055 9,065 9,049 5,292 6,298 []
1933 8.382 7.223 8.958 ~3.717 12.233 10.944 12.816 8.424 14.405 15.536 5.959 6.395
1934 7.562 6.606 13.925 15.374 11.792 17,316 13.361 8.935 14.606 13.121 6.300 6.431
1976 22.110 18.406 13.996 13.446 19.262 13.542 9.873 10.217 14.792 20.858 7.756 7.477
1977 6.003 10.828 17.726 8~289 13.146 9.863 8.961 6.291 7.076 9.088 6.155 6.553 ¯
1988 7.431 9.861 16.332 25.252 13.580 11.987 8.943 9.559 14.338 ¯18.813 7.431 6.861
.19~0 9.096 8.075 17.618 17.804 15.023 10.378 12.586 7.866 14.687 18.606 7.400 6.845
1991 6.513 7.058 11.576 10.938 13.745 28.715 13.997 8.016 14.023 14.693 7.387 7.941
1992 6.766 7.193 8.396 11.245 28.984 18.667 12.853 8.969 14.397 13.746 7.172 6.992

I

Avera~le ¯9.391 9.800 14.082 13.993 15.492 14.268 10.943 8.547 12.908 14.675 6.782 6.823

"
Difference (Run 414 - Run 4111

YEAR OCT NOV ~ JAN FE~B MAR APR ~Y ~ ~ ~
1924 0 -533 1,482 0 0 7 0 -11 -8 -10 1 0 I
1929 0 0 2,026 0 0 112 5 6 12 -81 101 772
1931 0 -340 -1.779 0 0 24 0 9 1.068 1.323 0 723 .
1933 0 30 0 0 0 0 2 2 2 -1.431 919 1.202
1934 0 442 0 0 0 1 0 8 -1.013 -1.113 0 788
1976 0 0 1.600 0 0 0 -5 5 7 -1.752 873 0 []
1977 0 -1.217 -169 121 196 653 61 0 0 0 0 0
1 988 0 3 0 0 0 0 286 0 -874 -902 -1.460 0 0
1990 0 0 -1,134 0 ~ -7 "218 4 9 22 103 0 155
1991 60 1.585 395 147 153 0 0 3 3 -1.057 574 1.264          []
1992 0 102 372 0 0 0 0 7 13 127 0 303

Average 5 9 25;~ 24 31 118 6 -76 -72 -486 224 473

Percent Difference ’100[IRun 414-411)/Run

1924 0% -4% 9% 0% , 0%0 0% 0% 0% 0% 0% 0%. 0% I
1929 0% 0% 16% 0% 0% ’ 1% 0% 0% 0% 0% 1% 11%
1931 0% -4% -11% 0% 0% 0% 0% 0% 12% 18% 0% 11%
1933 0% 0% 0% 0% 0% ,0% 0% 0% 0% -9% 16% 19%
1934 0% 7% 0% 0% 0% 0% 0% 0% -7% -8% ¯ 0% 12%
1976 0% 0% 11% 0% 0% 0% 0% 0% 0% -8% 11% 0% . []
1977 0% -11% -1% 1% 1% 7% 1% 0% 0% 0% 0% 0%
1988 0% 0% 0% 0% 0% 2% 0% -9% -6% -8% 0% 0%
1990 0% 0% -6% 0% 0% 2% 0% 0% 0% 1% ¯ 0% 2% _.~.
1991 1% 22% 3% . 1% 1% 0% 0% 0% 0% -7% 8% 16% I1 992 0% 1% 4% 0% 0% 0% 0% 0% 0% 1% 0% - 4%

Average 0% 1% 2% 0% I 0% 1% 0% -1% 0% -2% 3% 7%

C--087579
C-087579



71 Year Record-Dry Years
Sacramento River Flow at Freeport        River Flow (Regulated) (in cubic feet per aecond)

I Future Demand Level

Pro
~ ~ NOV EEC JAN FE~ MAR APR MAY JUN J.JL N,,JG

I 1925 11,454 10,356 11,549 10,566 35,805 18,119 22,358 13,040 16,652 17,352 12,692 10,328
1926 10,803 10,213 11,741 15,963 31,874 16,879 18,130 14,821 13,996 20,363 16,763 14,154
1930 12,038 10,358 15,439 2.1,647 16.101 28.037 12,692 11,824 13,908 14.272 10,117 8,662
1932 8,869 7,774 14,039 15.763 .13,175 12,517 12,980 10,558 14,011 11,845 8,853 9,400
1939 21,674 17,738 14,674 13,837 13,130 12,826 12,707 10,876 13,970 21,405 18,696 12,177

I 1944 11,315 13,965 18,807 14,827 26,089 19,995 9,837 8,877 16,955 19,651 18,386 9,965
1947 10,829 11,433 15,335 16,153 19,837 19,663 13,517 10,935 13,645 19,827 18,898 10,312
1949 13,463 12,508 13,604 11,770 13,321 48,044 12,279 14,624 15,204 17,473 10,604 10,506
1955 10,721 15,312 25,199 19,380 18,100 10,160 9,006 10,685 16,674 20,386 19,927 10,994:
1960 11,160 12,004 14,086 12,957 25,262 18,516. 13,765 10,697 13,888 24,128 16,368 13,796I 1961 9,910 12,729 17,269 11,770 26,845 19,139 13,083 10,957 13,987 18,644 18,162 8,798
1964 18,308 30,020 14,767 23,337 16,453 11,532 9,230 10,829 14,150 21,099 17,633 12,121
1981 16,284 13,556 15,486 20,046 26,240 29,933 13,315 10,889 13,953 21,961 18,744 13,829
1985 16,485 33,060 26,417 13,574 16,434 12,832 10,570 13,769 13,781 24,111 16,221 15,046
1987 10,474 9,199 15,754 16,266 18,456 27.332 13,895 11,400 13,904 lg,902 11,446 8,618I 1989 6,167 9,636 10,931 13,064 13,781 39,108’ 22,385 14,689 13,824 19,720 16,429 10,705

Average 12~497 14~366 15~944 15~683 20~681 21~540 13~734 11~904 ~4~531 19,509 15~621 11,213
Base

¯ D YF.AR ~ NOV . DEC JAN FE~ MAR APR MAY JUN JUL AUG

i 1925 11,454 10,356 11,549 10,566 . 35,805 18,119 22,358 13,040 16,717 19,890 11,393 10,328
1926 10,803 10,213 11,614 15,963 31,874 16,163 18,130 14,821 13,992 21,189 19,149 13,849
1930 12,038 9,479 15.439 21,647 16,101 28,037 12,587 11,813 13,902 17,903 9,178 8,662
1932 8,869 7,774 14,039 15,763 13,175 12,344 12,975 10,558 13,995 11,828 8,837 9,400

ii 1939 20,306 17,738 14 674 13,837 13,130 12,826 12,703 10,873 13,964 20,951 18,950 11,092
1944 . 11,315 14,755 15.519 14,827 26,089 19.995 10,968 9,871 16,947 20.859 15,938 9,965
1947 10~829 11,433 15,335 14,442 19,837 19,663 13.518 10,935 13,642 20.940 18,308 10,312
1949 13.463 13,306 13.604 11,770 13,321 48,044 12,279 14,626 15,711 20,322 10,595 10,506
1955 10.721 15,312 25.199 19,380 18.084 10.170 9,006 10.685 16,656 20.967 18.885 10,994

I 1960 11,160 11,996 13,504 12,957 25.262 18.516 13.761 10,695 13,872 21,398 19,120 13.796
1961 9.910 ’~ 12,729 17.269 11,770 26,845 19,139 12.926 10,957 13,981 21;340 16,433 8.798
1964 18.308 30,020 14.767 23,337 16.453 11,544 9,219 10.818 14,139 20,905 19,042 12,119
1981 16.284 13.556 15,486 20.046 26.240 27,562 13,315 10,881 13,937 20,933 19,004 12.441
1985 16,485 33.060 26.417 13,574 16.434 12,825 10.559 13,759 13,767 20.983 19.092 13.887

I 1987 ~10,474 9,693 13,944 15,580 18.456 27,332 13,892 11,398 13,890 18.717 11,446 8,618
1989 6,167 9,636 10.931 13,064 13.781 38.958 22.385 14,548 13,824 21,915 19,303 10,705

Average 12,412 14~441 15.581 15,533 20.680 21~327 13,786 11,892 14,559 20.067 15,917 10,967

I Difference Run 414 - Run 411
YF._AR C~ NOV I~ JAN FI~ MAR ~ APR MAY ~ J.IL AUG
1925 0 0 0 0 0 0 0 0 -65 -2,53B 1.299 0
1926 0 0 127 0 0 716 0 0 4 -826 -2.386 305
1930 0 879 0 0 0 0 105 11 6 -3.631 439 0

I 1932 0 0 0 0 0 . 173 5 0 16 .17 16 0
1939 1,368 0 0 0 0 0 4 3 6 454 -254 1,085
1944 0 -790 3.288 . ¯ 0 0 0 -1.131 6 8 -1.238 2,448 0
1947 0 0 0 1,711 0 0 -1 0 3 -1,113 590 0
1949 0 -798 0 0 0 0 0 -2 . -507 i -2,849 9 0

I 1955 0 0 0 0 16 -10 0 0 18 o581 1.042 0
1960 0 8 582 0 0 0 4 2 16 2,730 -2.752 0
1961 0 0 0 0 0 0 157 0 6 -2.696 1,729 0
1964 0 0 0 0 0 -12 11 1 1 11 194 -1,409 2
1981 0 0 0 0 0 2,371 0 8 ’ 16 1,028 -260 1,388I 1985 0 0 0 0 0 7 11 10 14 3.128 -2,871 1,159
1987 0 -494 1,810 686 0 0 3 2 14 1,185 0 0
1989 ’ 0 0 0 0 0 150 0 141 0 -2,195 -2.874 0

Average 8 6 -75 363 150 1 21 2 -52 1 2 -27 -558 -298 245
Percenl Difference [(Run 414 - Run 411~/Run 41~]’100

YEAR OCT NOV ~ JAN FEB MAR I APR MAY I JUN JUL AUG ~EP
1925 0% 0% 0% 0% 0% 0% i 0% 0% I 0% -13% 11% 0%
1926 0% 0% 1% 0% 0% 4% ! o% ~ 0% I 0% -4% -12% ’ 2%
1930 0% 9% 0% 0% 0%-. 0% I 1% 0% I 0% -20% 10.2% 0%
1932 0% ’ 0% 0% 0% 0% ’1% ! 0% 0% I 0% 0% 0% 0%
1939 7% 0% 0% 0% 0% 0% 0% 0% I 0% 2% -1% 9.8%
1944 0% -5% 21% 0% , 0% 0% -10.3% 0% I 0%~ -6% ; 15% 0%
1947 0% 0% 0% 12% 0% 0% , 0% ! 0% I 0% -5% 3% 0%
1949 0% -6% 0% 0% 0% 0% ! 0% 0% I -3% ’ -14% 0% 0%
1.955 0% 0% 0% 0% 0% 0% 0% 0% I 0% °3% 6% 0%
1960 0% 0% . 4% 0% ! 0% 0% 0% 0% I 0% 13% -14% 0%
1961 0% 0% 0% 0% I 0% 0% 1% 0% I 0% -13% 11% 0%
1964 0% 0% 0% 0% ] 0% 0% 0% ’ 0% I 0% 1% -7% 0%
1981 0% 0% 0% 0% ] 0% 9% 0% " 0% I 0% 5% -1% 11%
1985 0% 0% 0% 0% I . 0% 0% 0% I 0% I 0% 15% -15% 8%
1987 0% -5% 13% 4% I 0% 0% 0% I 0% I 0% 6% . 0% 0%
1989 0% ~0% 0% 0% I 0% 0% 0% 1% ~ 0% -10.0% -15% 0%

’ I
"’ -3". ! -1~, 2%Avera,qe    0% 0% 2% 1% I 0% 1% 0% 0% I 0%

C--087580
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I
71 Year Record-Above Normal Years
Sacramento River Flow at Freeport . River Flow (Regulated) (in cubic feet per second)
Future Demand Level

I (R’un 414I
YEAR OCT NOV ITL-C JAN FE~ MAR APR MAY JUN,, JUL AUG ~EP
1922. 10,054 10,193 16,242 16,813 35,917 28.853 21,005 46,646 33,391 14,305 15,483 10,005
1928 11,084 24,637 15,535 23,088 24,166 85,048 27,234 17,494 16,1.15 19,201 21,584 8,956

I 1940 10,524 11,056 13,838 24,45’9 37,415 63,170 39,818 17,620 15,905 21,907 15,463 13,103
1951 13,395 . 40,542 68,521 58,162, 60,320 28,035 14,379 19,122 15,733 26,003 17,761 16,003

15,444 21,399 15,,063 30,830 58,257 47,976 41,420 21,879 15,902 23,131 21,502 10,9791954
1957 19,283 16,251 10,675 15,256 38,724 42,980 17,945 15,170 17.126 26,673 17,529 15,842
1973 11,918 21,268 26,196 45,483 71,145 46,117 16,981 17,492 19,802 23,590 17,435 10,799I 1978 6,603 7,40"0 15,068 45,086 50,511 43,913 ’ 38,263 19,124 14,132 ’| 6,169 15,221 10,643
1980 10,828 15,540 19,087 57,684 69,255 35,241 16,841 14,350 13,110 21,498 15,546 10,487

Average 12,12’G !8,698 22,247 35,207 ,, 49,523 46,G15 25,987 20,989 17,913 21,386 17,503 11,869

! .
’g Base ~Run 411)

¯ YEAR OCT. NOV DEC JAN FE~ MAR APR MAY, ¯ JUN JUL AUG.
1922 10.054 10.193 16.242 16,813 35.917 ,28,853 21,005 46.646 33,391 21,205 14,000 10,005
1928 11,084 24,637 15,535 23,088 24,166 85,081 27,234 17,487 16,118 23,354 19,474 8,956

I 1940 10,524 11,052 13,685 24,459 37,415 64,591 39~818 17,488 15~893 23,348 19,630 12,460
1951 13,395 40,355 62,124 58,162 60,320 28,035 14,379 19,122 15,724 23,382 20,239 15,067
1954 15,444 ,21,399 15,063 27.841 58,257 47.976 41,420 21,871 15 895 23,288 20,381 10,561
1957 19,283 16,261 10,675 13,671 37,649 42,980 17,937 15,170 17,116 23,263 20,241 14;816

i 1973 11,918 21,268 26,196 46,836 71,862 46,117 16,981 17,492 19,787 23,018 18,708 10,799
1978 6,603 7,400 15,068 45,086 50,511 43,232 37,743 19,124 14,132 19,649 12,504 10.643
1980 10,828 15,540~ 19,087 59,482 69,255 35~241 16,841 14,350 13,106 , 21,238 18,617 10,487

~1 Avera’~ 12,12,6 18,677 21,519 35’,’049 49,484 46,901 25,929 20 972 !7,907 22,416’ 18,199 11,533’

I

I Difference 414 - Run 411)(Run
YEAR OCT NOV ~,, JAN FE~ MAR APR MAY JUN JUL AUG ~EP
1922 0 0 0 0 0 0 0 0 0 -6,900 1,483 0

i 1928 0 0 0 0 0 -33 0 7 -3 -4,153 2,110 " 0
1940 0 4 153 0 0 -1,421 0 132 12 -1,441 -4.167 643

¯ 1951 0 187 6,397 0 ,0 0 0 0 9 2,621 -2,478 936
1954 0 0 0 2,989 0 0 0 8 7 -157 , 1,121 418
1957 0 0 0 1,585 1,075 0 8 0 10 3,410 ;2,712 1.026
1973 0 0 0 ’, -1,353 -717 0 0 0 15 572 -1,273 0
1978 0 0 0 0 0 681 520 0 0 -3,480 2,717 0
1980 0 0 0 -11798 0 0 0 0 4 260 -3,071 0

i Avera~le 0 21 728 158 40 -86 69 16 6 .-1,030 -697 336

Percent Difference [(Run 414 Run 411~/Run 411]’100
~ ,ore- ~ov ~ jAN R~ MAR ,.. ~R MAY J~ JUL
1922 0% 0% 0% 0% 0% 0% 0% 0% 0% -33% 11% 0%
1928 0% 0% 0% 0% 0% 0% 0% 0% 0% -18% ~i1% 0%
1940 0% 0% 1% 0% 0% -2% 0% 1% 0% -6% -21% 5%
1951 0% 0% 10.3% 0% 0% 0% 0% 0% 0% 11% -12% 6%
1954 0% 0% 0% 1 1% 0% 0% 0% 0% 0% -1% 6% 4%
1957 0% 0% 0% 12% 3% 0% 0% 0% 0% 15% -13% 7%
1973 0% 0% 0% -3% -1% " 0% 0% 0% 0% 2% -7% 0%
1978 0% 0% 0% 0% 0% 2%" I% 0% 0% -18% 22% 0%
1980 0% 0% 0% -3% 0% 0% 0% 0% 0% 1% -16% 0%

1% 2% 0% 0% 0% 0% 2%Average 0% 0% 0%

C--087582
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’
71 Year Record-Crltical Years
Percent Fraction Sacramento River Flow Diverted
Existing Demand Level:

, ~ OCT NOV .... E~C JAN R~ MAR APR MAY
1924 47.589 33.894 "30.628 30.914 18.728 18.515 23.608 33.605 49,606 42.374 49,814 56.287
1929 50.050 ~’i 33.342 31.784 33.344 18.697 19.165 22.153 31.982 44,025 41.325 54.563 55.932
1931 54.915 39.985 35.’192 33.046 20.768 21.562 21.271 37.137 50,145 45.831 63.689 59.801
1933 54.049" 37.602 36.754 31.816 19.478 20.419 19.678 34.196 45.629 49.916 65.737 58.569
1934 57.429 43.525 32.331 30.165 19.327 18.122 19.493 33.754 44.740 49.521 63.668 59.851
1976 37.691 28.412 31.023 ¯32.594 17.653 18.818 21.767 31.484 44.070 45.696 54.92i 56.602
1977 : 55.022 36.572. 31.833 30.766 19.670 21.414 22.443 39.820 60.006 53.065 . 62.977 61.407
1988 48.670 35.967 30.812 16.606 18.159 20.095 22.398 32.397 43.955 44.648 49.862 56.195
1990 53.462 40.746 31.947 30.153 18.763 20.807 19.769 35.236 43.629 41.612 48.439 59.005
1991 61.540 38.310 34.526 35.468 19.321 16.204 19. i91 36.086 45.981 42.109 50.190 54.351
1992 60.630 40.286 34,487 34.443 16.233 - 17,651 19.642 33.292 44.455 42.417 52.029 56.214

Average 62.822 37.149 32.847 30.847 18.800 19.343 21.038 34.454 46.931 45.319 58.990 57.65~

Bale, fRun 420I

1924 47.589 33.822 30.404 31,109 18,728 19,011 23.625 33.597 49.630 43.200 49,853 57.175
1929 50.050 33.342 31.101 33.344 18.697 19.822 22.160 31.978 44.030 41.646 54.540 56.431
1931 54.915 37.971 35.995 33.046 20.768 21.565 21.267 37.149 50.165 48.142 66.679. 59.801
1933 54.049 37,602 36.754 31,616 19.478 20.419 19.933 34.213 44.642 49.654 64.526 57.761
1934 57.429 43.525 32.331 30,165 19.327 18.123 19.495 33.360 43.729 49.154 63,668 57.404
1976 37.882 28.412 31,023 32.594 17.653 18.818 21.760 31,478 43.619 45.610 54.921 56.602
1977" 55.022 36.548 29.918 33.023 19,670 22.086 22.583 39.820 60.006 53.065 62.977 61,407
1988 50.100 35.967 30.812 16.606 18,160 20.243 22.397 32.414 43.958 42.700 49.611 54.9~6
1990 ~53.462 40.746 32.107 30.153 18,760 20.807 19.764 35.256 43.650 42,511 49,086 b9.024
1991 61.540 39.545 34.822 35.667 19.394 16.204 19.191 34.939 44.364 42.312 56.039 54.564
1992 60.630 40.658 34,574 34.443 16.233 17.651 19.723 33.288 43.931 41.996 51,827 55.237

Average 52.970 37.103 , 32.713 31.088 18.806, 19.523 21.082 34.317 46.520 45.454 56,702 87.307

Difference Run’413 - Run 420
YEAR ~ NOV ~1~ JAN FE~ MAR ’" APR MAY JUN JUL AUG SEP
1924 0.000 0.072 0.224 -0.195 0.000 ~1 -0.496 -0.017 0.008 -0.024 -0.826 ~ -0.039 -0.888
1929 0.000 0.000 0.683 0.000 0.000 -0.667 -0.007 0.004 -0.005 -0.321 0.023 -0.499
1931 0.000 2.0t3 -0.803 0.000 0.000 -0.002 0.003 -0.012 -0.020 -2.312 -2.990 0.000
¯ 1933 0.000 0.000 0.000 0.000 0.000 0.000 -0.254 -0.017 0,967 0.262 1.210 0.608
1934 0.000 0.000 0.000 0.000 ’ 0.000 -0.001 -0.002 0.395 1.011 0.367 0.000 2.447
1976 -0.191 0.000 0.000 0.000 0.000 0.000 0.007 0.006 0,451 0.086 0.000 0.00.0
1977 0.000 0.024 1.915 -2.257 0.000 -0.672 -0.140 0.000 0.000 0.000 0.000 ’ 0.000
1988 -1.430 0.000 0.000 0.000 -0.002 -0.148 0.001 °0.017 -0.003 1.948 0.251 1.228
1990 0.000 0.000 -0.160 0.000 0.002 0,000 0.005 -0.020 -0.021 -0.900 °0,648 -0.019
1991 ,0.000 -1.235 -0.296 -0.199 -0.073 0.000 0.000 1.147 1.617 -0.203 -5,849 -0.213
1992 0.000 -0.372 -0.086 0.000 , 0.000 0.000 ;0.081 0.004 0,S24 0.421 0.202 0.977

Avera~le -0.147 0.046 0.134 -0.24~ -0.007 -0.180 ~0.044 0.136 0.411 -0.134 -0,713 0.349

!
I

I
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Year Record-Dry Years
Percent Fraction Sacramento River Flow Diverted
Existing Demand Level

tR.. 413I~ OCT NOV EB3 JAN FEE~, MAR APR MAY ,R..mN JUL AUG ~P
1925 45.775 35.150 34.076 35,398 15.529 17.669 17.049 28,789 42..101 39,839 43.238 48,346
1926 44.070 35.509 34.336 30.486 15.821 18.580 18.005 27.680 44,663 39,613 43.286 48.333
1930 45.85,7 34.257 31.598 28.472 18.487 16,179 19,831 29.856 44.812 42.802 49.255 52.979
1932 51.515 40.059 31.628 30.340 19.085 19.562 19.662 30.334 44,003 49.037 53.163 51.693
1939 37.866 29.536 31.794 32.479 19,733 !~ 19.748 19.739 30.751 44,405 39.842 44.475 49.352
1944 44,003’ 30,660 34,945 31,839 15,914 17,018 21.160 31.797 41,887 40.360 44,713 49,862
1947 46.256 34.121 31.249 30.847 17.534 17.427 19.377 30.667 44.998 38.743 41,791 48.283
1949 42.295 32.693 32.988 34.418 19.652 15.047 20.067 27.713 42.842 41,309 44,721 47.717
1955 48.832 29.758 16.609 28.909 18.255 20.897 22.845 31,055 41.999 38.566 42.82:1 ’ 44.475
1960 " 45.259 35.088 30.353 32.295 16.653 17.590 19.242 30.958 44.405 37.993 42.442 48.008
1961 46,369 33.059 30.122 34,405 15.935 17.704 19.566 30.558 44.592 37.950 42.320 49.329
1964 40.482 15.819 31.800 16.484 18.403 19.822 22.093 30.733 44.437 38.429 41.273 46.578
1981 41.423 31.561 30.676 16.586 16.258 15.862 18.959 30.759 44,674 39,889 44.558 50.000
1985 41.436 15.577 16.45’8 31.902 17.520 17.964 21.758 28.285 44.859 38.603 42.407 48.674
1987 48,916 33,075 37.270 33.115 17.633 15.866 19.437 30.162 44,690 39.172 42.579 49.726
1989 ,~9.883 36.013 34.708 32,998 19.269 15.417 17.037 27.645 44.899 38,128 41.844 49.269

Avarage 45.640 31.371 39.663’ 30.081 17.605 17.647 19.739 29.889 44.017 40.017 44.055 48.914

Base IRun 420)

1925 45,775 35.150 34.076 35.398 15.529 17.669 17,049 28.789 42.118 40.046 43,311 48,417
1926 44.070 35.509 34,523 30.486 15.821 18.847 18,005 27.687 44,679 39.906 , 43.363 48.409
1930 45.857 34.257 31.598 28.472 18.487 16.179 ¯ 19.898 29.855 44,818 42.483 49,041 52.979
1932 51.515 40.059 31,628 30,340 19.085 20.029 19.662 30.334 44.032 49.091 53.242 51.693
1939 37.866 29.536 31.794 32,479 19.733 19.748 19.739’ 30.751 44.405 39.842 44,475 49,352
1944 44,003 30.660 34,945 31.839 15.914 17.018 21.164 31.794 41,887 40,287 44.666 49.862
1947 46.256 34.121 31.249 31.104 17.534 17.427 19..377 30,678 45.013 39.308 41.379 48.528
1949 42,295 32,693 32.988 34.418 19.652 15.047 20.067 27.712 42.882 41.841 44.832 47,717
1955 48.832 29,758 16.609 28.909 17.894 20.897 22.845 31.055 42.017 39,290 40.191 42,617
1960 45,259 33.583 , 29.804 33.438 16.653 17.626 19.245 30,966 44,424 39.214 40,487 48.147
1961 46.369 , 33,059 30.122 34.405 ’15.935 17.704 19.658 30.566 44.608 39.095 40.407 49.329
1964 40.482 15.805 31.800 16,484 18.399 19.819 22.091 30.732 44.440 39.313 40.223 46.678
1981 41.423 31.561 30.676 16,586 16.258 15.862 18.959 ~0,759 44.674 39,889 44.558 50.000
1985 41,436 15,577 16,458 31,902 17.520 17,964 21,758 28,285 44,868 39,289 41,124 48,674
1987 48.916 33.075 37.270 33.115 17.633 - 15,856 19,569 30.167 44.698 39.179 42.584 49.731
1989 60.642 36.204 34.706 32.998 19.273 15,417 17,037 27.740 44.913 38.966 40.397 49.269

Average 45,687 31.288 ,30.641 30.148 17.683 17.694 19.758 29.867 44.030 40.440 43.392 40.838

Difference (Run 413 - Run 420

1925 0.000 0,000 0.000 0.000 0.000 0~000 0.000 0,000 -0.017 "-0.208 -0,073 -0.072
1926 0.000 0,000 -0.187 0.000 0.000 -0,267 0,000 -0.007 -0.017 -0,293 -0,076 -0.076
1930 0.000 0.000 0.000 0,000 0.000 0.000 "-0,067 0.001 -0.006 0.318 0.214 0.000
1932 0,000 0.000 0.000 0.000 0,000 -0.~67 0,000 0.000 -0.030 -0.054 -0,080 0.000
1939 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0.000 0.000 0.000 0.000 0.000
1944 0.000 0.000 0.000 0.000 . 0.000 0.000 -0,005 0.003 0.000 0.073 0.047 0,000
1947 0.000 0.000 0.000 -0.257 0.000 0.000 0.000 -0,011 ~ -0.015 -0.568 0.412 .0.246
1949 0.000 0.000 0.000, 0.000 0,000 0.000 0,000 0.002 -0.040 -0.532 o0.111 0.000
1955 0.000 0.000 0.000 0.000 0.361 0.000 0.000 0.000 -0.017 -0.724 2.630 1.856
1960 0.000 1.505 0.549 -1.143 0.000 -0.037 -0.002 -0.008 -0.019 -1.222 1.985 -0.139
1961 0.000 0.000 0.000 0.000 0.000 0.000 -0.092 -0.008 -0.016 -1.145 1.913 0.000
1964 0.000 0.014 0.000 0.000 0.004 0.003 " 0.001 0.001 -0.003 -0.684 1.050 -0.100
1981 0.000 0.000 0~000 0.000 0.000 0.000 0.O00 O.O00 0.000 0.000 ’ O.000 0.O00
1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.009 -0.686 1 .r264 0.000
1987 0.000 0.000 0.000 0.000 0.000 0.0102 "0.132 "0.004 -0.008 -0.008 "0.004 -0.005
1989 "0.759 "0.101 0.000 0.000 -0.004 0.000 0.000 "0.095 -0.014 "0.838 1.447 0.000

Avera~le -0.047 0.083 0.023 -0.088 0.023 -0.047 -0.018 -0.00~ -0.013 -0.423 0.663 0.076

C--087586
C-087586



71 Year Record-Below Normal Years ¯

Percent Fraction Sacramento River Flow Diverted
Existing Demand Level

~Ru. 413)
Y~ OCT NOV CEC JAN FE~ MAR APR MAY .... J.JN ~ AUG , ~
1923 36,937 28.540 15.847 16.068 17.142 20.504 ’16.977 27.897 42.410 39.978 42,275 49.516
1935 58.849 34.031 34.004 16.600 19,031 16.987 17.347 15,870 41.836 40.675 44.131 52,023
1936 47.879 34.531 31.565 , 16.207 15.544 15.836 1"7.622 28.503 42,550 41,570 45.601 5i.390
1937 49,136 35,168 31.781 32.763 ¯ 15,833 15,446 17.249 27,853 41.964 43.762 47.524 51.951
1945 44.329 31.845 30.655 32.874 15.196 16,385 20,308 29.229 40.552 42,929 45,631 50.539
1946 45.238 28.773 14.702 15.236 16.589 17.272 20.186 27.966 41.271 41.015" 43.971 49.376
1948 44,843 33.743 32.835 30.879 18.318 18.970 17.087 16.017 39.455 16,342 40,899 44.738"
1950 46.584 34.688 33.692 29.079 15.748 17.185 17.990 27.799 41.167 38.609 41.278 47.702
1959 38.463 29.788 33.328 15.538 14.934 17.377 21.183 30.728 43.744, 39.486 44.080 47.631
1962 47.133 35.048 30.651 33.743 15.285 16.737 20.568 27.430 "43.245 37.974 42.562 47.524
1966 42.632 16.495 80.781 16,169 16.484 16.421 19.649 27.457 43.749 39.208 41.643 47.729

¯ 1968 38,178 29.411 30.702 16.235 14.650 15,707 20.112 31.006 43,756 39.783 45,029 47:682
1972 40.195 29,866 28.060 29.669 16.575 15.870 20.489 31.013 43.996 38,372 42.716 49.823
1979 40,644 30,502 35.480 16.609 15,358 16.008 18.282 27,209 39.493 42,812 46.401 50.301

!Average 44.503 30,888 29.577 22,690 16.192 16,907 18.932 26.856 42.086 38.751 43.839 49.138

¯
Bale IRun 420)

1923 38.936 28,540 15.847 16.068 17.504 19.587 16.977 27.897 42.448 39.109 41.877 49.001
1935 58.849 34,031’ 34.004 16.600 19.031 16.987 17.347 15.870 41.847 39.250 43.331 52.023
1936 47.879 34.531 34.304 16.207 15.544 15.837 17.622 28.503 42.557 39.395 44.255 51.390
1937 49.136 35,168 30.846 32.763 15.833 15.562 17.249 28.416 41.429 43.670 47.233 51.951
1945 44.329 31.845 30.655 32.874 15.204 16.385 20.308 29.229 40.550 42.929 45.631 50.539
1946 45.238 28.773 14.702 15.236 16.589 17.272 20.186 27.964 4:1.269 39.984 43.482 49.376
1948 44.843 33.328 32.919 30.879 18.313 18.970 17.087 16.017 39.455 39,010 40.069 41.197
1950 46.584 34.688 34.768 29.079 15.746 17.185 17.990 27.822 41.178 38.998 39.902 47.300
1959 38.463 29.788 33.328 15.538 14.934 17.377 21.183 30.728 43.744 39.486 44.080 47.631
1962 47.133 35.048 30.651 33.854 15.285 16.737 20.616 27.438 43.248 39.026 41.966 47.524
1966 42.632 16.495 31.125 16.246 16.484 16.421 19.649 27.457 43.745 39.215 41.643 47.729
1968 38.178 29.411 30.702 16,235 14.650 15.707 20.112 31.006 43.756 39.783 45.029 47.682
1972 40.195 30.046 28.060 29.669 16.575 15.870 20.428 31.013 43.990 39.264 41.100 49.823 "
1979 40.644 30.502 35.480 16.609 15.358 16~008 18.282 27.209 39.493 42.812 46.401 50.301

Average 44.503 30.871    29.814    22,704 16.218    16.850    18,931    26.898 42.051    40.138 43,286 ~48.819

Difference ’Run 413 - Run 420

1923 0,001 0.000 0,000 0.000 -0,362 0.917 0.000 0.000 -0.038 0.866 0.307 0,915
1935 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 -0.011 1.425 0.801 0.000
1936 0,000 0.000 -2,739 0.000 0,000 -0.001 0.000 0.000 -0.007 2.175 1.348 0.000
1937 0.000 0,000 0,936 0.000 0,000 -0,116 0.000 -0.563 0.535 0.091 0.291 0.000
1945 0.000 0.000 0.000 0.000 -0.008 0.000 0.000 0.000 0.002 0.000 0.000 0.000
1946 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0.002 0.002 1.031 0.489 0.000
1948 0.000 0.415 -0.084 0.000 0.004 0.000 0.000 0.000 0.000 ¯ -22,667 0.830 3.642
1950 0.000 0,000 -1.077 0,000 0,000 0.000 0.000 -0.022 -0.011 -0.389 , 1.376 ¯ 0.403
1959 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1"962 0.000 0,000 0.000 -0.112 0,000 0.000 -0,048 -0.008 -0.003 -1.063 0,596 0.000
1966 0.000 0,000 -0,343 -0.077 0,000 0,000 0.000 0.000 0.004 -0,006 0.000 0.000
1968 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000. 0.000 0.000 0.000 0.000
1972 0.000 -0.180 0.000 0.000 0.000 0.000 0.061 0.000 0.006 -0.892 1.61 6 0.000
1979 0.000" 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Avere~le 0.000 0,017 -0.236 -0.013 -0.026 0.057 0.001 -0.042 ,i,0.034 -1.387 0,553 0.319

C--087587
C-087587





71 Year Record-Wet Years
Percent Fraction Sacramento River Flow Diverted
Exlstin9 Demand Level
Pro IRun 413) ....

~ OCT NOV ¯ E133 JAN FEB MAR APR MAY JUN JUL ALX~
1927 44.989 28.346 31.349 15.957 14,466 15.422 15.104 24.235 42.639 42.531 44.845 51.311
1936 49.659 15.611 14.725 15.994 14.316 14.367 15.102 14.807 15.817 44.748 47.896 41,157
1941 47.470 33.347 15.622 14.442 14,414 14.750 15.262 15.401 39.997 45.138 i 48.384 43.494
1942 38.666 28.211 14.566 14.612 14.348 16.755 15.181 15.581 16.435 45.199 I 48.292 43.856
1943 38.674 27.476 16.056 14.750 14.901 14.606 16.270 26.106 43.647 42.338 45.681 51.429
1952 44.431 30.163 15.005 14.553 14:590 14.779 14.740 14.665 15.451 41.414 46.537 39.679
1953 3~.247 29.629 15.196 14.594 16.470 17.142 17.850 16.535 16.374 41.324 46.632 43.211
1956 49.975 32.997 15.971 14.345 14.508 15.696 17.757 15.304 38.823 43.096 43.246 41.830
1958 39.792 29.104 16.467 15.578 14.574 14.183 14.878 15.310 15.631 42.741 45.006 39.749
1963 16~177 28.274 16.267 30.806 14.886 16.039 14.504 16.130 42.457 41.440 43.873 44.123
1965 49.640 31.252 15.598 14.339 15.811 17.415 15.142 24.206 43.056 39.963 45.146 49.712
1967 45.718 31.319 15.371 15.569 15.232 14.880 15.453 15.135 15.364 43.063 46.082 40.032
1969 44.179 33.078 28.108 14.418 14.535 15.191 15.222 15.166 37.677 45.908 47.632 38.159
1970 38.879 29.077 14.903 14.206 14.775 15.791 i9.610 31.383 43.474 39.834 44.625 48.885
1971 44.512 27.824 14.668 15.047 16.191 14.937 17.590 15.957 38.484 40.870 42.932 41.834
1974 42.887 14.706 14.671 14.352 15.273 14.148 15.552 24.200 39.181 41.899 44,746 38.739
1975 38.502 29.497 29.827 30.782 14.645 .14.419 17.150 15.872 37.703 42.717 43.400 40.843
1982 45.460 15.762 14.461 14.862 14.475 14.637 14.352 15.619 38.571 43.215 44.440 38.339
1983 16.067 15.365 14.723 14.749 14.304 14.251 14.585 ¯ 14.775 14.920 38.246 42.749 37.875

1.9~84 16.316 14.583 14.274 15.120 15.428 15.809 19.180 29.156 42.884 40.713 45.214 42.674
1986 45.589 34,624 30.483 29.454 14,076 14.524 ~ 17.644 30.558 46.127 43.642 46.279 4,8.558

Aversge 39.801 26.678 18.015 17.073 14.867 15.226 16.101 19.338 32.606 42.384 45.411 43.109
Base

1938 49.659 15.798 14.766 15.994 14.316 14.367 15.102 14.607 15.817 44.748 47.896 41.157
1941 47.470 32.596 15.912 14.522 14.414 14.750 15.262 ’ 15.401 39.997 45.138 48.384 43.494
1942 38.666 28.211 14.566 14.612 14.348 16.755 15.181 15.581 16.435 45.199 48.292 43.656
1943 38.674 ¯27.476 16.056 14.750 14.901 14.606 16.270 26.106 43.647 42.338 45.681 51.429
1952 44.431 30.163 15.003 14.553 14.590 14.779 14.740 14.665 15.451 41.414 46.537 ’ 39.679
1953 88.247 29.629 15.196 14.594 16.470 17.142 17.850 16.535 16.374 41.324 46.632 43.211
1956 49.975 ,32.99? 15.992 14.422 14.508 15.696 17.757 15.304 38.623 43.022 43.216 41.830
195.8 39.792 29.104 16.467 15.578 14.573 14.183 14.878 15.310 15.631 42.741 45.006 39.749
1963 16.177 26.274 16.267 30.806 " 14.830 16.039 14.504 16.130 42.451 41.562 43.873 44.123
1965 49.640 30.739 15.620 14.339 15.811 17.411 15.142 24.205 43.057 39.378 44.901 49.712
1967 45.718 30.809 15.371 15.618 15.232 14.880 15.453 15.135 15.364 48.083 46.082 40.032
1969 44.179 32.363 28.108 14.429 14.535 15.191 15.222 15.166 37.677 45.908 47.632 38.159
1970 38.879 29.077 14.903 14.206 14.775 15.791 19.610 31.383 43.474 39.834 44.625 48.885
1971 44.512 27.824 14.668 15.047 16.191 14.937 17.590 15.957 38.484 40.659 42.932 41.834
1’974 42.887 14.706 14.671 14.352 15.273 14.148 15.552 24.200’ 39.181 41.899 44.746 38.739
1975 38.502 29.497 29.827 30.782 14.645 14.419 17.150 15.872 37.703 42.124 43.548 40.843
1982 45.460 15.762 ’ 14.461 14.862 14.475 14.637 14.352 15,619 38.571 43.215 44.440 38.339
1983 16.067 15.365 14.723 14.749 14.304 14.251 14.585 14.775 14.920 38.246 42.749 37.875
1984 16.316 14.583 14.274 15.120 15.428 15.809 19.180 29.156 42.884 40.713 45,214 42.674
1986 , 45.589 33.731 31.245 29.454 14.072 14.524 17.644 30.558 46.140 43.719 46.313 48.558

"’Average.., 39.801 26.526 18.089 17.083                     ’14.065 i5.220 16.101 19.338 ~32.805 42,~,324 45.407 43.109
Olff.r.nc.

Oct(Run 413 - Run 4.20)CEC
1927 0.000 0.000 0.000 0.000 0.000 0.108 0.000 0.000 -0.005 0.001 -0.003 ’0.000
1938 0.000 -0.186 -0.042 0.000 0.000 0.000 " 0.000 0.000 0.000 0.000 0.000 0.000
1941 0.000 0.750 -0.290 -0.081 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (1.000
1942 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1943 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00
1952 0.000 0.000 0.002 ~ 0.000 0.000 ’ 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1953 0.000, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1956 0.000 . 0.000 -0.020 -0.077 0.000 0.000 0.000 0.000 0.000 0.074 0.030 0.000
1958 0.000 0.000 0.000 0.000 0.001 0.000 0.000 ~ 0.000 0.000 0.000 0.000 0.000
1963 0.000 0.000 0.000 0.000 0.056 ’ 0.000 0.000 0.000 0.006 -0.122 0.000 0.000
1965 0.000 0.518 -0.022 0.000 0.000 0.004 0.001 0.001 -0.001 0.685 0.245 0.000
1967 0.000 0.609 0.000 -0,048 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1969 0̄.000 0.715 0.000 -0,011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1970 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1971 0.000 0.000 0.000 ~ 0.000 0.000 0.000 0.000 0.000 0.000 0.211 0.000 0.000
1974 0’.000 0.000 0.000 0.000 ~ 0.000 0.000 0.000 O.000 0.000 0.000 0.000 0.000
1975 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.593 -0.148 0.000
1982 0.000 0.000 0;000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1983 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1984 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
191~6 0.000. 0.893 -0.’/’61 0.000 0.003 0.000 0,000 0.000 -0.013 -0,,077 ,, -0.033 0.000

Average 0.000 0.152 -0.054 -0.010 0.003 0.00.= 0.000 0.000 -0.001 0.060 0.004 0.000

C--087589
C-087589



71 Year Record-’Crltlcel Years
Percent Fraction Sacramento River Flow Diverted
Future Demand Level

(Run 4141 .

1924 51.272 33.843 29.732 33.184 18.529 19.374 23.965 33.413 49.493 47.765 59.968 61.683
1929 50.754 33.057 31.468 33.387 18.620 20.144 22.442 31.945 43.958 41.961 59.002 56.873
1931 54.832 40.414 31.355 33.265 20.700 21.655 21.473 37.047 ,49.926 49.450 68.783 59.066
1933 54.2~5 41.417 38.067 32.339 20.077 20.879 19.769 34.121 43.805 44.119 59.683 56.812
1934 56.943 41.998 32.180 31.176 20.327 18.086 19.505 33.244 44.677 46.702 62.476 58.249
1976 38.752 29.224 31.040 32.560 17.605 19.421 21.696 31.462 43.422 40.239 53.517 57.256
1977 55.417 36.479 29.982 39.144 19.510 21.187 22.489 39.262 58.833 52.300 .63.266 61.193
1988 57.422 36.053 30.615 16,585 19.404 20.052 22.565 33.667 44.857 41.347 57.422 59.758
1990 52.276 39.368 30.533: 29.864 18.820 21.121 19.881 35.175 43.511 40.472 57.541 59.157
1991 61.098 38.181 33.915 34.903 19.262 16.187 19.226 34.892 44.204 44.625 55.558 52.004
1992 60.183 41.302 38.424 34.709 16.161 ’ 17.743 19.746 33.189 43.803 44.367 58.436 57.944

Average 53.926 37.394 32.483 31.920 19.001 19.623 ~ 21.160 34.310 46.408 44.850 59.606 68.181

Base , (Run 4111

1924 51.272 33.290 30.465 33.184 18.529, 19.377 23.952 33.394 49.483 47.749 59.962 61.683
1929 50.754 33.057 33.023 33.387 18.620 20.207 22.443 31.954 43.967 41.901 59.429 60.003
1931 54.832 39.594 30’.325 33.265 20~700 21.677 21.473 37.066 52.355 52.393 68.783 62.480
1933 54.235 41.506 38,067 32.339 20.077 20.879 19.772 34.129 43.811 42.752 64.373 61.986
1934 56.943 43.385 32.180 31.176 20.327 18.087 19.505 33.262 43.612 45.225 62.476 61.794
1976 38.752 29~224 32.123 32.560 ’ 17.605 19.421 21.696 31.467 43.429 39.318 56.253 57.256
1977 55.417 34.771 29.900 39.402 19.603 21.707 22.553 39.262 58.833 52.300 63.266 61.193
1988 57.422 36.092 30.615 16.585 19.404 20.214 22.565 32.326 43.876 40.408 57.422 59.758
1990 52.276 39.368 29.952 29.864 18.818 21.285 19.887 35.202 43.528 40.530 57.541 59.839
1991 61.385 41.967 34.330 35.080 19.331 16.187 19.226 34.893 44.206 43.524 57.588 55.623
1992 60.183 41.582 39.173 34.709 16.161 17.743 19.746 33.203 43.815 44.507 58.436 59.196

Average 53.962 37.621 32.741 31.959 19.016 .... 19.708 21.165 34.196 46.447 44.601 60.603 60.074

Difference Run 414 - Run 411)

1924 0.000 0.554 -0.732 0.000. 0.000 -0.003 0.013 0.019 0.009 0.016 0.006 0.000
1929 0.000 0.000 -1.585 0.000 0.000 -0.063 -0.001 -0.009 -0.009 0.060 -0.427 -3.130
1931 0.000 0.820 1.030 0.000 0.000 -0.022 0.000 -0.019 -2.429 -2.942 0.000 -3.41’4
1933 0.000 -0.089 0.000 0.000 0.000 0.000 -0.003 -0.008 -0.008 1.367 -4.690 -5.174
1934 0.000 -1,387 0.000 0.000 0.000 -0.001 0.000 -0.019 1.065 1.477 ’ 0.000 -3.646
1976 0.000 0.000 -1.083 0.000 0.000 0.000 0.001 -0.006 -0.007 0.920 -2.736 0.000
1977 0.000 1.708 0.083 -0.268 -0.093 -0.521 -0.064 0.000 0.000 0.000 0.000 0.000
1988 0.000’ -0.039 0,000 0.000 0.000 -0.161 0.000 1.342 0.981 0.939 0.000 0.000
1990 0.000 0.000 0.580 0.000 0.002 -0.164 -0.006 -0.028 -0.018 -0.057 0.000 -0.582
1991 -0.286 -3.785 , -0~414 -0.177 -0.089 0.000 0’.000 -0.001 -0.002 1.100 -2.029 -3.618
1992 0.000 -0.280 -0.750 0.000 0.000 0.000 ’0.000 -0.015 -0.012 -0.141 0.000 -1.252

Average -0.026 -0.227 -0.258 ;0.039 -0.016 -0.065 -0.006 0.114 -0.039 .0.249 -0.898 -1.892

C--087590
C-087590



71 Year Record-Dry Years
Percent Fraction Sacramento River Flow D|verted
Future Demand Level

Pro IRun 414)
YEAR OCT NOV DI~ JAN FEB MAR APR MAY JdN JUL. ,AUG
1925 47.547 35.390 34.367 35.557 15.615 17.876 17~010 28.765 41.851 41.344 45.769 49.535
1926 48.644 35.582 34.154 30.821 15.900 18.212 17.871 27.589 44.234 = 39.562 41.765 44.065
1930 46.661 35.383 31.135. 28.392 16.446 16.257 19.831 29.770 44.327 . 43.946 49.956 53.429
1932 52.870 40.069 32.089 30.940 19.590 19.925 19.684 31.066 44.215 46.940 52.909 51.532
1939 38.941 29.524 31.634 32.247 19.612 19.765 19.824 30.710 44.259 39.066 40.479 46.465
.1944 47.768 31.751 29.420 31.537 16.478 17.444 21.724 31.892 41.628 39.937 ¯ 40.667 50.276
1947 48.601 34.059 31.203 30.713 17.477 17.515 19.435 30.645 44.617 39.840 ~ 40.359 49.573
1949 44.827 32.96~3 32.432 34.121 19.526 15.026 20.050 27.701 43.048 41.264 49.010 49.191
1955 48.792 30.825 16.588 " 29~190 17.878 21.457 22.507 30.922 41.838 39.552 39.785 48.308
1960 48.029 33.456 32.060 32.971 16.582 17.779 19.324 30.906 44.348 37.960 42.070 44.448
1961 50.394 32.760 30.123 34.121 16.387 17.629 19.636 30.620 44.241 40.512 40.805 53.058
1964 40.714 16.063 31.577 27.896 18.337 20.491 " 22.286 30.760 44.071 39.206 41.156 46.539
1981 42.133 32.060 31.112 28.938 16.460 16.069 19.527 30.692 44.277 38.819 40.450 44.414
1985 41.978 15.808 16.436 32.452 18.346 19.763 21.145 28.245 44.467 37.970 42.186 43.194
1987 49.255 37.156 30.945 ~ 30.653 17.794 16.333 19.266 30.167 44.333 39.800 47.562 53.551
1989 63.191 36.447 35.084 32.877 19.316 15.419 17.002 27.667 44.416 39.899 42.023 48.828

Average 47.521 31.831 30.022 31,464 17.734 17.935 19.758 20.802 43,761 40.351 43.669 48.525

Base ~Run 411)

1925 47.547 35.390 34.367 35.557 15.615 17’.876 17.010 28.765 41.802 39.809 47.643 49.535
1926 48.644 35.582 34.295 30.821 15.900 18.431 17.871 27.589 44.240 39.167 40.216 44.393
1930 46.661 36.692 31.135 28.392 18.446 16.257 19.886 29.781 44.332 40.976 52.070 53.429
!932. 52.870 40.069 32.089 30.940 18.590 20.018 19.692 31.066 44.230 46.973 52.948 51.532
1939 39.594 29.524 31.634 32.247 19.612 19.765 19,822 30.709 44.264 39.277 40.327 48.143
1944 47.768 31.189 31.091 31.537 16.478 17.444 20.861 31.902 41.636 39.308 42.414 50.276
1947 48.601 34.059 31.203 31.796 17.477 17.515 19.433 30.645 44.620 39.279 40.714 49.573
1949 44.827 32.264 32.432 34.121 19.526 15.026 20.050 27.704 42.601 39.583 49.023 49’.191
1955 48.792 30.825 16.588 29.190 17.883 21.455 22.507 30.922 41.847 39.266 40.365 48.308
1960 48.029 33.461 32.509 32.971 16.582 17.779 19.323 30.912 44.370 ¯ 39.069 40.230 44.448
1961 50.394 32.760 30.123 34.121 16;387 17.629 19.712 30.620 44.253 39.096 42.019 53.058
1964 40.714 16.063 31.577 27.896 18.337 20.478 22.291 30.773 ’ 44.084 39.297 40.274 46.547
1981 42.133 32.060 31.112 28.938 16.460 16.309 19.527 30.705 44.299 39.282 40.297 46.098
1985 41.978 15.808 16".436 32.452 18.346 19.766 21.148 28.251 44.483 39.260 40.247 44.351
1987 49.255 36.356 32.164 31.053 17.794 16.333 19.270 30.172 44.348 40.466 47.562 53.551
1989 63.191 36.447 35.084 32.877 19.316 15.427 17.002 27.750 44.416 38.836 40.128 48.828

Average 47.562 31.784 30.240 31.$57 17,734 17.969 19.713 29.892 43.739 39.934 43.530 48.829

DIfferen©e
OCI.~Run

414 - Run
411)l]~

I
1925 0.000 0.000 0.000 ’0.000 0.000 0.000 0.000 0.000 0.049 1.835 -1.874 ~0.000
1926 0.000 0.000 -0.141 0.000 0.000 -0.219 0.000 0.000 -0.005 0.395 1.548 -0.328
1930 0.000 -1.308 0.000 0.000 0.000 0.000 ’ -0.054 -0.011 -0.005 2.970 " -2.115 0.000
1932 0.000 0.000 0.000 0.000 0,000 -0.093 -0.008 0.000 ,-0.015 -0.034 -0.039 0.000
1939 -0.864 0.000 0.000 0.000 0.000 0.000 0.002 0.001 -0.005 -0.212 0.152 -1.678
1944 0.000 0,561 -1.671 0.000 0,000 0.000 0.863 -0.009 -0.008 0.829 -1.748 0.000
1947 0.000 0.000 0.000 -1.084 0.000 0.000 0.001 0.000 -0.002 0,561 -0.356 0.000
1949 0.000 0.699 0.000 0.000 0.000 0.000 0.000 -0.003 0.447 1.681 -0.013 ’ 0.000
1955 0.000 0.000 0.000 0.000 .-0.005 0,001 0,000 0.000 -0,009 0.285 ~ -0.580 0,000
1960 0.000 -0.006 -0.449 0.000 0.000 0.000 0.002 -0.006 -0.022 -1.109 1.840 0.000
1961 0.000 0.000 0.000 0.000 0.000 0.000 -0.076 0.000 -0.012 ’ 1.416 -1.214 0.000
1964 0.000 0.000 0.000 0.000 0.000 0.013 -0.005 -0.013 -0.013 -0.091 0.882 -0.008
1981 0.000 0.000 0.000 0.000 0.000 -0.239 0.000 ~ -0.013 -0.022 -0.464 0.153 -1.694
1985 0.000 0.000 0.000 0.000 0.000 -0.003 -0.003 -0.006 -0.016 -1.290 1.939 -1.167,
1987 0.000 0.800 -1.220 -0.400 0.000 0.000 -0.004 °0.005 -0.016 -0.666 0.000 0.000
1989 0.000 0.000 0.000 0.000 0.000 -0.008 0.000 -0.083 0.000 1.082 1.895 0.000

Average -0,041 0,047 -0,218 -0.093 0,000 -0,034 0.045 -0.009 0.022 0.417 0.029 -0.303

I
C--087591     -

C-087591



71 Year Record-Below Normal Years
Percent Fraction Sacramento River Flow Diverted
Future Demand Level

(Run 414)
~ CCT ~ NOV DI~ JAN FE~ MAR ,~ MAY JUN JUL ~ ~
1923 43.004 28.588 15.894 16.059 16.648 19.385 17.029 28.073 42,105 39.817 42.532 43.943
1935 58,452 33.820 34.010 27.683 19.019 17.082 t7.491 15,868 41.512 39.093 43,007 47,444
1936 47.753 34.341 33,416 16;!71 15.594 15.918 17.540 28,524. 42,236 38.301 42.808 45,235
1937 49.086 33,952 29.259 32.431 15.900 15,597 17.208 28.489 39,315 41,940 44,409 52.282
1945 46.848 31.356 30.744 32.978 15,509 17,039 19.763 29.190 40.395 40.057 46,024 51.745
1946 50.125 29,405 14.833 15.233 16.555 17.461 20,198 28,001 ~ 41.046 40.827 42.114 51.868
1948 44,542 33.563 32.732 30.759 18.292 19,139 17.246 16.112 39.646 16.334 40,300 42.831
1950 49.214 34.638 34.742 29.124 15.734 17~.317 17,966 27:589 40.907 40,004 41,583 44.044
1959 39,033 29.820 33.197 15.489 14.925 17.088 21.318 30,645 43.341 38.983 40,402 44.491
1962 51.311 34.750 30.565 33.959 15.333 16.819 20.054 27,373 42.884 38.873 40,248 49.838
1966 44.873 16.498 31.016 16.329 16.466 16.757 19,538 27.402 43.354 38.189 39.287 45,371
1968 38.417 29,321 30.533 16.178 14.642 15.730 20.069 30,913 43.382’ 38.591 40,740 43.948
1972 42.459 30,378 29,273 30,026 16.540 15.871 20.336 30.922 43,597 37,890 41,071 43.730
1979 43.310 31.466 32,373 28.425 15.399 16.040 18.058 27.343 39.263 38.323 40,604 48,845

,.Average 46.316 30,850 29,470 24,346 16.183 16.946 16.844 26,889 41,642 37,650. 41,796., 46.830

Base IRun 4111

1923 43.004 28.588 16.359 16.112 18.205 19.384 16.925 27.937 42.129 39.041 40.483 43,943
1935 58.852 , 33.820 34.010 27.683 19.0i9 17.082 I 17.491 15.866 41.523 38.991 40.323 48.213
1936 47.753 33.557 33,503 16.171 15.594 15.971 17.540 28.524 42.244 38.972 40.408 45,400
1937 49.086 33.952 35.143 32,431 15.900 15.597 17.208 28.489 39.326 39.111 , 47.192 52.954
1945 46.848 31.358 30.744 32.978 15.509 17.039 19.763 29.190 40.396 39.159 47.855 51,745
19,46 50.125 29.405 14.795 15.233 16.600 17.396 20.198 28.002 41.056 38.988 43.333 51.868
1948 44.542 33.309 32.753 30.759 18.296 19,139 17.246 16.112 39.646 38.971 40.125 41.033
1950 49,214 34.638 34,742 29.124 15,734 17.317 17.966 27.640 40.910 38.957 39.963 44.044
1959 40.417 30.257 33,197 15,489 14.925 17.106 21.326 30.650 43.341 39.031 40.031 44.491
1962, 51.311 34.137 30.565 33.956 ~15.333 16.819 20.054 27.384 42.899 38.983 41.195 49.838
1966 44.873 16.498 31,016 16.329 16.466 16.757 19.538 27.413 43.369 39,145 39.910 46.512
1968 38.417 29.321 30,533 16.178 14.642 15.730 20.072 30.924 43.383 39.116 40.442 44.504
1972 42.459 30.378 29.273 30.697 16.695 15.871 20.329 ’ 30.935 43.611 39.208 40.173 43.967
1979 43.310 31.466 32,961 28.425 15.402 16.040 18.058 27,343 39.274 39,006 40.226 50.445

Average 46.444 30,763 29,971 24.398 16.309 16,946 18,837 26,886 41.651 39.048 41,547 47.068

Difference Run 414 - Run 411)
¯ YEAR . OCT NOV ~ JAN RE] MAR , A:R MAY ~ , JUL AUG ,~P
1923 . 0.000 0.000 -0,466 -0,053 -1.557 0.001 0,103 0,135 -0,023 ¯ 0,775 2,049 0.000
1935 -0.400 0.000 0.000 0.00,0 0.000 0.000 0.000 0.002 -0.011 0.102 2,684 -0,769
1936 0,000 0,783 -0°087 0.000 0.000 -0.053 0.000 0.000 -0.009 -0.671 2,400 -0.165
1937 0.000 0.000 -5,884 0.000 0.000 0,000 0.000 0.000 -0.012 2.829 -2.703 -0,873
1945 0.000 0.000 0.000 0.000 0.000 0.000 "0.000 0,000 -0.001 0.898 -1.831 0,000
1946 0.000 0.000 0,038 ’ . 0.000 -0.044 0~065 0.000 -0.001 -0,011 1.839 -1.219 0,000
1948 0.000 0.254 -0,021 0.000 -0.004 0.000 0.000 0.000, 0.000 -22.637 0.175 1,798
1950 0.000 0.000 0.000 0.000 0.000 0.000 ¢;.000 -0,051 -0,003 1.047 1.620 0,000
1959 -1.384 -0,438 0.000 0.000 0.000 -0.018 -0,008 -0.005 0.000 -0.168 0,371 0.000
1962 0.000 0.613 0.000 0.003 0.000 0.000 0.000 -0.011 -0.015 -0.109 -0.947 0,000
1966 0,000 0.000 0,000 .0.000 0.000 0.000 0.000 -0.011 o0,015 -0.956 -0.623 -1,140
1968 0,000 0.000 0.000 0.000 0,000 0.000 -0,003 -0.011 -0.001 -0,525 0,298 -0.557
1972 0.000 0.000 0,000 -0.672 -0.155 0.000 0.007 -0.013 -0.014 -1.318 0.899 -0.237
1979 0.000 0.000 -0.588 0.000 -0.003 0.000 0.000 0.000 -0.011 -0.884 0.378 .I ,600

Averac=le ,’0.1’27 0,087 -0.501 -0,052 -0.126 0.000 0.007 ., 0.002 ~0.009 -1.398 0.248 -0.239

C--087592
C-087592



71 Year Record-Above Normal Years
Percent Fraction Sacramento River Flow Dive~ed
F~ure Demand Level

1

~Run 414I
1922 50.090 35.613 30.667 30.357 15.608 16.172 17.248 15.077 15.783 43.908 42.802 50.185
1928 48.150 27.223 31.078 27.963 16.730 14.274 16.344 26.272 42.271 40.185 38.983 52.635
1940 49.154 34.497 32,245 27.605 15.515 14.613 15.382 26.220 42.439 38.841 42.818 45.249
1951 44.905 , 15.345 14.509 14.724 14.675 16.258 19.063 25.651 42.586 16.487 41.068 42.361
1954 42.832 28.118 31.375 15.988 14.723 "15.028 15.302 24.809 42.441 38.338 39.020 48.338
1957 40.139 30.275 35.410 31.253 15.440 15.228 17.921 27.390 41.504 16.406 41.223 42.495
1973 46.837 2U.160 16.464 15.122 14.465 15.099 18.185 26.269 39.855 38.160 41.255 48.653
1978 60.957 41,014 31.371 15.138 14.941 15.187 15,467 25.648 44.091 42.229 43.033 48.934
1980 48.605 30.689 29.308 14.737 14.497 15.652 18.223 27.868 45.240 39.022 42.744 49.232

Average 47.963 30.104 28.048 21.432 ’~5.177 15.279 17.015 2S.023 39.S79 34.842 41.442 47.565

Bale ~Run 4111

1922 50.090 35.613 30,667 30.357 15.608 16,172 17.248 15.077 15.783 39.156 44,229 50.185
1928 ’ 48.150 27.223 31.078 27.963 16.730 14.275 16.344 26.277 42.270 38.250~ 40.033 52.635
1940 49.154 34.501 32.364 27.605 15.515 14.584 15.382 26.275 42.453 38.252 39.949 46.075
1951 44,905 15.354 14.634 14.724 14.675 16.258 19.063 25.651 42.591 38.239 39.626 43,174
1954 42,832 28.118 31.375 16.278 14.723 15.028 15.302 24.809 42.447 38~.273 39.556 49.086
1957 40.139 30..275 35.410 32.375 15.501 15.228 17.924 27.390 41.511 38.284 39.627 43.406
1973 46.837 28.160 16.464 15.070 14.454 15.099 18.185 26.269 39.860 38.379 40.475 48.653
1978 60.957 41.014 31.371 15.138 14.941 .15.218 15.497 25.648 44.091 39.936 46.017 48.934

,1980 " 48,605 30,689 29.308 14.694 14.497 15.652 18.223 27.868 45.246 39.142 40.527 ,49.232

Avere~le 47.963 30.105 28.075 21.578 ~15.183 15.279 17.019 25.029 39.583 38.657 41.116 47.931

Difference (Run 414 - Run 411

1922 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.762 -1.427 0.000
1928 0,000 0.000 0.000, 0,000 0.000 0.000 0.000 -0.005 0.002 1.935 -1.050 0.000
1940 0.000 -0.003 -0.119 0.000 0.000 0.029 0.000 -0,055 -0.013 0.590 2.869 -0.826
1951 0.000 -0.009 -0.124 0.000 0.000 0.000 0.000 0.000 -0.005 -21.752 1.441 -0.813
1954 0.000 0.000 0.000 -0.290 0.000 0.000 0.000 0.000 ,-0.006 0.065 -0.537 -0.749
1957 0.000 0.000 0.000 -I .122 -0.061 0.000 -0.002 0.000 -0.007 -21.878 1.596 -0.911
1973 0.000 0.000 0.000 0.053 0.011 0.000 0.000 0.000 -0’.005 -0.218 0.810 0.000
1978 0.000 0.000 0.000 0.000 0.000 - -0.031 -0.030 0.000 0.000 2.293 -2.985 0.000
1980 . 0.000 0.000 0.000 0.044 ¯ 0.000 0,000 0.000 0.000 -0.006 -0.120, 2.217 0.000

.Average 0.000 -0.001 -0.027 -0.146 -0.00’6 0.000 -0.004 -0,007 -0.005 -3.815 0.326 -0.367

C--087593
C-087593



71 Yeer Record-Wet Yeers
Percent Fraction Sacramento River Flow DiVerted
Future Demand Level

~Pro~ect l[Run 414)
YEAR CCT NOV ~ JAN R~ MAR APR MA~ JUN J(~ ,N.JG SEP
1927 49.005 28.013 31.152 16.178 14.407 15.250 15.075 24.287 42.238 37.965 41.180 50.347
1938 48.974 16.065 15.176 16.326 14.393 14.362 15;095 14.820 15.877 45.275 43.444 43.191
1941 50.170 32.581 16.153 14.489 14.413 14.747~ 15.241 15.401 39.888 41.389 43’.011 " 45.159.
1942 41.326 28.619 14.621 14.610 14.346 16.853 15.113 15.577 16.524 41.308 42.608 45.371
1943 40.921 28.566 16.181 14.743 14.894 14.598 16.215 25.619 42.714 38.896 41.450 47.789
1952 49.028 30.814 15.092 14.618 14.588 14.774 14.735 14.671 15.460 41.793 46.879 40.050
1953 38.483 29.513 15.157 14.592 16.466 17.154 17.643 16.545 16.409 38.668 40.828 43.401
1956 49.611 32.718 16.221 14.412 14.502 15.729 17.645 15.311 39.100 40.677 42.643 42.307
1958 40.863 29.470 16.479 15.542 14.720 14.179 14.859 15.319 15.661 43.360 43.155 41.171
1963 16.481 28.344 16.250 30.(~58 14.750 16.007 14.491 16.153 42.163 38.197 41.688 46.640
1965 49.731 31.197 15.710 14.337 15.807 17.621 15;072 ~ 24.266 42.816 38.450 41.896 50.926
1967 49.311 31.129 15.434 15.940 15.371~ 14.864 15.411 15.155 15.385 43.786 46.776 40.454
1969 47.478 33.017 28.239 14.557 14.53~1 15.180 15.206 15.182 37.824 46.592 45.546 39.211
1970 39.073 29.044 14.878 14.203 14.771 15.815 19.595 31.280 42.976 37.843 ’ 40.191 ’ 43.680
1971 48.065 28.282 14.835 ¯ 15.144 16.111 15.009 17.583 15.962 38.644 38.239 41.403 41.527
1974 45.401 14.896 14.667 14.351 15.267 14.144 15.528 24.287 39.430 39.561 42,.058 40.640

. 1975 40.314 29.855 29.545 30.737 ’14.631 14.413 17.114 15.910 37.912 40.887 42.285 41.095
1982 48.296 16.199 14.524 14.857 14,472 14.628 14.345 15.639 ~ 38.712 ’43.768 44.768 38.469
1983 16.068 15.314 14.716 14.744 14.302 14.248 14.569 14.778 14.933 38.489 43.092 38.034
1984 16.347 14.561 14.273 15.119 15.419 15.796 .19.116 29.424 42.188 16".504 42.290 42.531
1986 50.861 35.063 31.012 29.386 14.099 14.520 17.601 30.642 45.866 38.613 43.243 48.338

Avera~le 41.705 26.822 18.110 17.121 14.870 15.233 16.060 19.344 32.510 39.536 42.878 43.349
Base

1927 49.005 28.013 31.152 16.178 14.419 15.250 15,075 24.287 42.240 38.424 40.267 50.991
1938 48.974 16.065 15.176 16.326 14.373 14.362 15.095 14.820 15.877 42~006 45.650 43.191
1941 50.170 32.581 16.153 14.579’ 14.413 14.747 15.241 15.401 39.890 39.476 44.866 45.159
1942 41.326 28.619 14.652 14.610 14.346 16.853 15.113 15.577 16.524 40.047 45.407 45.371
1943 40.921 28.566 16.116 14.743 14.894 14.598 " 16.215 25;621’ 42.717~ 38.377 40.667 51.178
1952 49.028 30.814 15.092 14.596 14.588 14.774 14.735 14.671 15.460 41.135 44.957 41.615
1953 38.483 29.513 15.157 14.592 16.466. 17.154 17.643 16.545 ,16.409 38.250 39.703 43.401
1956 49.611 32.718 16.221 14.385 14.502 15.729 17.645 15.311 39.100 39.705 41.964 42.307
1958 40.863 29.470 16.478 15.542 . 14.676 14.179 14.859 15.319 15.661 39.549 45.312 41.171
1963 16.481 28.344 16.250 30.658 14.725 16.007 14.491 16.153 42.164 38.418 ~ 39.745 47.734
1965 49.731 31.197 15.943 14.337 15.807 17.621 15.072 24.266 42.811 38.604 40.213 51.002
1967 49.311 31.129 15.434 15.940 15.248 14.864 15.411 15.155 15.385 43.786 46.164 40.730
1969 47.478 32.312 28.239 14.549 14.531 15.180 15.206 15.182 37.824 44.748 45.078 40.180
1970 39.073 29.044 14.878 14.203 14.771 15.815 19.609 31.280 42.984 38.444 39.837 44.549
1971 = 48.065 28.282 14.835 15.143 15.945 15.006 17.583 15.962 38.644 38.391 39.736 41.527
1974 45.401 14.916 14.667 14.351 15.267 14.144 15.528 24.287 39.430 38.559 41.656 40.640
1975 40.314 30.255 29.988 31.353 14.631 14.413. 17.114 151910 37.912 38.713 44.735 41.095
1982 48..601 16.199 14.491 14.857 14.~,72 14.628 = 14.345. 15.639 38.712 42.994 44.768 38.820
1983 16.068 15.314 14.716 14.744 14.302 14.248 14.569 14.778 14.933 38.489. 43.092 38.034
1984 16.347 14.561 14.273 15.119 15.419 15.796 19.116 29.424 42.190 38.491 40.100 42.531
1986 51.007 35.063 31.012 29.386 14.088 14.520 17.601 30.642 45.869 38.786 41.263 48.338

Avere~le 41.727 26.808 18.139 17.152 14.852 15.233 16.060 19.344 32.511 39.781 42.628 43.789
Dlff,r,nc,

OCI.(Run 414 - Run 411~CEC
1927 0.000 0.000 0.000 0.000 -0.012 0.000 . 0.000 0.000 -0.002 -0.460 0.914 -0.644
1938 0.000 0.000 " 0.000 0.000 0.019 0.000 0.000 0.000 0.000 $~269 -2.208 0.000
1941. 0.000 0.000 0.000 -0.0g0 0.000 0.000 .0.000 0.000 -0.002 1.913 -1.855 ~).000
1942 0.000 0.000 -0.030 0.000 0.000 0.000 0.000 0.000 0.000 1.261 ’~ -:~.799 0.000
1943 0.000 0.000 0.065 0.000 0.000 0.000 0.000 -0.002 -0.003 0.519 0.783 -8.388
1952 0.000 0.000 0.000 0.022 0.000 0.000 0.000 0.000 0.000 0.659 1.922 -1.564
1953 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.418 1.125 0.000
1956 0.000 0.000 0.O00 0.027 0.000 0.000 0.000 0.000 0.000 0.972 0.679 0.000
1958 0.000 0.000 0.000 0.000 0.045 0.000 0.000 0.000 0.000 3.811 -2.156 0~000
1963 0.000 0.000 0.000 0.000 0.026 0.000 0.000 0.000 -0.002 -0.221 1.948 -1.094
1965 0.000 0.000 -0.233 0.000 ~0.000 0.000 0.0~)0 0.000 0.005 -0.154 1.683 -0.075 ’
1967 0.000 0.000 0.000 0.000 0.123 0.000 0.000 0.000 0.000 0.000 0.813 -0.278
1969 0.000 0.706 0.000 0.007 0.000 0.000 0.000 0.000 0.000 1.844 0.469 -0.860
1970 0.000 0.000 0.000 0.000 0.000 0.000 -0.014 0.000 -0.008 -0.601 0.364 -0.859
1971 0.000 0.000 0.000 0.000 0.166 0.003 0.000 0.000 0.000 -0.152 1.668 0.000
1974 0.000 -0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.002 0.402 0.000
1975 0.000 -0.401 -0.443 -0.616 0.000 0.000 0.000 0.000 0.000 2.174 -2,449 0.000
1982 -0.304 0.000 0.033 0.000 0.000 0.000 0.000 0.000 0.000 0.774 0;000 -0.351
1983 0.000 0.000 0.000 0.000 0.0 )0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1984 0.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 -0.003 -21.986 2.190 0.000
r1986 "0.146 0.000 0"000 0.000 0.011 0.000 0.000 0.000 "0.003 "0.172 1 "980 0.000

Average -0.021 0.014 -0.029 -0.031 0.018 0.000 -0.001 0.000 -0.001 -0.244 0.250 -0.440

C--087594
C-087594







i
71 Year Record-Below Normal Years
Total Banks Export for SWP (Banks-Wheeling) (In cubic feet per second)
Existing Demand Level ¯
Fllherlea

" ’ ’ ~EP~=N:t (3CT NOV ~ ’ JAN FE~ MAR ~ MAY JUN ¯ "JUL AUG
1923 10.295 8.837 3,600 3.191 2.343 2,390 3,144 2,494 3,203 5,933 5,382 1,680
1935 1.294 3.674 3.858 10.291 3.168 6.056 3.336 3,540 3.614 4,988 3,963 1,87~
1936 3,392 2.569 3.379 ~ I0.295 10.209 6.646 2.879 2.397 3.157 4.114 2,807 1,71"~
1937 3,522 2.156 6.182 6,710 10.294 7.797 . 3.187 2.767 2,479 1.212 1.655 1.77~TM

1945 4,593 6,663 8,789 7,055 6.185 4,051 2.228 2,045 3,631 3,128 2,485 1,683

1948 5,357 3.378 3,555 6,719 3.217 3,011 2.826 3.377 4,133 10.207 4,911
1950 4,792 2,812 3,151 ~0,295 9,258 4.723 2,432 2,164 3,471 ¯ 8,165. 3.765 1,.92~IE
1959 5,006 3,709 3,532 2.368 2.896 3,248 1.415 1,524 2.97:1 ’ 6,775 2,637 2,298
1962 3,972 2,814 6,367 3,496 10,288 6,226 1,659 2,008 2,970 9.403 3.828 2.204

¯ 1966 7,197 10,300 8,767 3,969 4,147 4,660 2,001 1,980 2,962 6,771 4.716 1,961
1968 2,990 2.788 2.614 2,201 2,758 3,248 1,749 1,494 2.970 6,608 2,547 2,01J
1972. 9,192 6.821 7,116 3,610 5,197 5.428 1,781 1,524 2,943 9;065 3,509 2.331
1979 9.522 7.114 2.717 3.209 3.693 3,749 2.590 2.618 3.937 3.351 2.221 2.046

Avera|le 6,621 5,291 6,280 S,476 6,464 4,664 2,390 2,287 3,261 ’ 6,069 i..3,404 2,00¯

lg23 ~6,652 6.672 7,417 5~303 485 3.046 3,856 3.133 3,270 6.974 3.493 1.79E
1935 1,354 3.878 2,681 7,534 3.187 6,056 4,048 4.178 3.620 5.619 3.807 2,04,
1936 2.952 2.547 3,247 7,634 8,500 7,254 3.591 3,035 3,245 4,319 3,003 ¯ 1,90~"
1937 2.347 2.140 7,052 6.872 8,500 7,592 ’ 4.014 3,351 1,443 890 1,882 1.755
1945 2,510 6,672 7,159 7.058 ~ 7.942 4,051 2,940 2~528 3,739 2,071 2,348 1.68~
1946 4,093 6,672 7,260 7,739 3,230 4,650 2,941 2,681 3.519 5,315 3,244 1,78.
1948 3,277 3,655 3,491 6,717 3,223 3,011 3,286 3,854 4,133 6,684 6,554 5,75~
1950 2.730 2.820 2.476 7.338 7,441 4.544 2.964 2.699 3,505 6.684 5.495 2.062
1959 6.652 3,709 3,532 3,147 3.657 3.249 1,883 1,965 2,968 3.973 2.521 2,29~1i
1962 1,912 . 2,808 6,373 3,392 7,934 6,128 2,096 2,461 2,968 6,684 4,246 2,20,
1966 6.652 6.672 7.296 7.979 5.805 4.228 2.536 2.433 2,966 5.963 2.990 1,96~1~
1968 4.968 3.372 2.615 2.207 2.759 3,249 2,340 1,937 2.968 3,697 2.434 2.008
1972 6.652 6.672 7.003 5,202 4,542 5,081 2.312 1,967 2.944 6.684 4.989 2,331
1979 6,652 6.672 ~ 2,717 6,331 3,589 3.749 ¯ 3,302 3,256 3,157 993 2.085 2,27~

Avara~le 4,243 4,626 5,023 6,032 5,055 4,706 3,008 2,820 3,175 4,682 3,507 2,277
Olfference ~Run ~4 - Run 420)

1935. -60 -4 1,177 2.757 1 . 0 -712 -638 --6 .-631 156 -171

1937 1,175 15 "970 -162 1,794 205 -827 -584 1,036 ~22 ~ "27

1946 2,080 3,628 3.035 -4,488 "4 "303 -712 "589 "32 -63 "195
1948 2,080 "277 64 2 "6 0 -460 -477 0 3,52~ J -1,643 -3,013
1950 2,062 , "8 675 2,957 1,817 179 "532 "535 "34 1,471 I -1,730 -14~
1959 -1,646 0 " 0 -779 -761 -1 -468 -441 3 2,802 J 116 o~
1962 2,060 6 -6 106 2,354 98 -437 -453 2 2.719 I -4!8
1966 545 3.628 1,471 -4.010 -1,658 432 -535 ’ -453 -4 808 I 1,726       0

1972 2,540 149 113 -1,592 655 347 -531 -443 -1 2,381 I -1,480
1979 2,870 442 0 -3,122 4 0 -712 -638 780 2,358 I ~ 136 -

Average 1,2~8 655 257 -556 429 ’ -22 .618 -532 106 ~ 1,387 ~ -103
PMc~nt DlffMence ..Run ~4 Run 420 ~un 420]’100

1935 ~ ~% 0% 44% 37% 0% 0% -18% -t5% 0% -11% 4%

1937 50% 1% -12% r -2% 2~% 3% -21% -17% 72% 96% -1%

’ 1946 51% 54% 42% -SB% 0% ~ -7% -24% -22% -1% -1% -6% 0%

1950 78% 0% 27% 40% 24% 4% -18% -20% -1% 22% -31%

1966 8% 54% 20% -50% -29% 10% -21% -19% 0% 14% 58% 0~
1968 -40% ..17% 0% 0% 0% 0% -25% -23% 0% 79%
1972 38% 2% 2% -31% 14% 7% -23% -23% 0% 36% -30%
1979.. 43% 7% 0% -49% .     0% 0% -22% -20% 25% 23 ~% 7% -10%

Average 37% 9% 7% -10% 30% -1% -21% -19% 6% 44~ 2% ¯ -7~

C--087597
C-087597



"t~ Yeer R~co~d-Above Horma| Years

I Total Banks Expert for SWP (Banks-Wheeling) (in cubic feet per second)
Existing Demand Level

Fisheries (Run 454)
YEAR ~ NOV ~ JAN . FI~ MAR APR ,,MAY ~ J~. AUG ~P
1922 2,369 2,667 8,858 9,919 5,713 4,026 3,175 3,639 9,348 310 307 1,743
1928 5,688 10,300 7.901 4,718 3,819 4,283 3,154 2,320 3,164 5,535 2,847 1,649
1940 3,819 2,042 3,167 10,295 10,209 8,153 3.336 2,670 3,162 4,254 2.837 1,717
1951 6,657. 10,300 10,295 4,966 4,090 4,349 2,409 2,848 3,152 7,137 3,678 1,947
1954 10,019 9,208 3,600 3,370 3,902 4,352 3,154 2,788 3,135 6,478 3,630 2,054
1957 10,295 6,713 3,509 4,990 4,147 4,349 2,276 2,366 3,302 7,559 5,496 1,893
1973 6,149 10,300 10,295 5,432 4,090 4,202 2,674 2,825 3,800 4~,682 -2,964 2,567
1978 1,404 1,336 6,591 3,515 1,516 2.846 2,863 2,630 2.085 455 303 3,392
1980 3,478 9,655 10,295 4,527 3,702 3,008 2,776 2,647 1,549 307 703 5,242

Avsrs~le 5,542 6.836 7,168 5.748 4,576 4.396 2.869 2",748 3.633 4.080 2,529 2,467

Base (Run 420)
YEAR OCT NOV I]~ JAN R~ MAR /IPR MAY ~ JUL ~ ~P
1922 2.369 2,652 7,211 7.918 8,500 5.065 . 4,001 4,377 6,672 311 307 1.847
1928 5.215 6,672 7,103 7,545 4.469 4,228 3.687 2,926 3,161 3,661 2,759 1,652
1940 1.740 2,048 3.160 7,477 7.821 7,254 4,048 3.419 3,164 6,684 4.242 1,981
1951 4.671 6.672 7,592 8.500 6.593 4.363 3,121 3,488 3,154 6,004 3,252 1.945
~1954 6.652 6.672 6.424 5.434 3.819 4,349 3,687 3.390 3.132 4.682 3.143 2.053
1957 6.652 6.509 3,506 7.164 6.131 4,375 2,903 2,793 3.381 6,644 3,294 1,893
1973 3.783 6,672 6.990 7,344 8.079 5,734 3.386 3,465 3,907 3,467 2,827 2,662
1978 1.404 1,334 6.584 3.949 1.516 2.846 2.863 2,630 2.017 453 303 3,564
1980 3.460 6,672 7,071 8.500. 4.321 3.255 ¯ 2.887 3,386 1,551 307 703 5.790

Average 3,994 5,100 6,182 7,092 5,694 4,608 3,398 3,319 3,349 3,579 2,314 2,599

Difference (Run 454 - Run 420!

1922 0 1 5 1.647 2.001 -2,787 -1.039 -826 -738 2,676 -1 0 -104
1928 473 3,628 798 -2,827 -650 ’ 55 -533 -606 3 1,874 88 -3
1940 2.079 -6 7 2.818 2,388 899 -712 -749 -2 -2,430 -1,405 -264
1951 1.986 3,628 2.703 -3,534 -2,503 -14 -712 -640 -2 1,133 426 2
1954 3.367 2.536 -2,824 -2.064 83 3, -533 -602 3 1,796 487 1
1957 3,643 204 3 -2.174 -1.984 -26 -627 -427 -79 915 2,202 0
1973 2,366 3,628 3.305 -1,912 -3,989 -1,532 -712 -640 -107 1,215 137 -95
1978 0 2 7 -434 0 0 0 0 68 2 0 -1~’2
1980 1 8 1,983 3,224 -3.973 -619 -247 -111 -739 -2 0 0 -548

Averecje 1,548 1,735 986 -1,344=    -1,1t8 -211 -530 -871 264 600 215 -131

Percent Dif*.erence [(Run 484 - Run 420 tRun 420]’100

1922 0% 1% 23% 25% -33% -21% *21% -17% .40% 0% 0% -6%
1928 9% 64% 11% -37% -18% 1% -14% -21% 0% 81% 3% 0%~

1940 119% 0% 0% 38% 31% 12% -18% -22% 0% -38% -33% -13%
1951 43% 54% 36% °42% -38% 0% -23% -18% 0% 19% 13% 0%
1954 S1% 38% -44% -38% 2% 0% -14% -18% 0% 38% 15% 0%
1957 SS% 3% 0% :30% -32% -1% -22% -16% -2% 14% 67% 0%
1973 63% 54% " 47% -26% -49% -27% -21% -18% -3% 35% 5% -4%
1978 0% 0% 0% -11% 0% 0% 0% 0% 3% 0% 0% -5%
1980 1% 30% 48% -47% -14% -8% -4% -22% 0% 0% 0% -9%

Avera~le 38% 26% 13% -19% -17% -5% -15% -17% , 4% 13% 8% -4%

C--087598
C-087598





71 Year Record-Wet Y~ars
Total Banks Export for SWP (Banks;Wheeling) (in cubic feet per aecond)
Existing Demand Level

Percent Difference Run 454 - Run 420 "100
YEAR ~ NOV ~ JAN FE~ MAR .aFR MAY ~ JUL ~ ~1~
1927 85% 54% 11% 13% -54% -9% -18% -16% 19% 60% .6% -9%
1938 -2% 54% 45% .-61% -31% -6% -2% 0% 0% 0% .0% 31%
1941 87% -15% 43% 24% -12% -51% 0% -3% ¯ 1% 0% 0% -3%
1942 66% -45% -3%’ -3% -3% ’ -8% -13% -17% 0% 0% 0% -12%
1943 55% -10% -16% -3% -3% -8% -13% 6% 7% 168% 5% 0%
1952 79% 18% 46% 14% -51% -29% -9% -10% 15% 0% 0% 54%
1953 -34% -19% -23% -1% 0% 0% -i8% -13% 0% 669% 146% -2%
1956 57% 0% 46% 20% *22% -40% -22% -17% 0% 61% 4% 3%
1958 41% 35% 18% -52% -16% -2% -5% -22% 31% 0% 0% 49%
1963 55% 54% -24% -55% 87% 0% o18% -15% -1% 54% 5% 3%
1965 84% -8% 46% 20% -29% -19% -19% -27% 0% 28% 0% -1%
1967 79% -8% 42% 23% -59% -1% -18% -10% 21% 0% 0% 40%
1969 80% -12% 47% 26% -63% -1% -4% 0% 0% 0% 0% $6%
1970 -39% 0% -14%. -26% 0% 0% -28% -20% 0% 117% 7% 0%
1971 80% 54% 44% -38% -21% ,$7% -17% -12% 0% 13% 3% ~0%
1974 0% 54% 20% -67% -4% 23% -19% -19% 0% 0% 17% 48%
1975 55% -37% -44% -3% 0% 0% -20% -17% 0% 280% 5% - 7%
1982 108% 54% 48% -26% -56% -3% 0% -4% 1% 0% 0% 56%
1983 -37% 0% 0% -’1% 0% -21% -22% 0% 0% 0% 0% 0%
1984 0% 0% 0% 0% 0% 0% -23% " 319% -3% 192% 6% 0%
1986 85% -12% 19% 34% 21% -43% -27% -23% 17% 70% 1% 5%

Avera~le 47% 10% " 17% -7% -15% -12% -15% -12% 5% 82% 10% 16%

C--087600
C-087600
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I
71 Year Record-Below Normal Years
Total Bank~ Export for SWP (Banks-Wheeling) (in cubic feat per second)
,Future Demand Level
Fisheries (Run 455)

1923 5,011 10,300 10,295 7,233 4,172 2,903 3,193 2,474 3,254 5,169 4,409 4,981
1935 1~335 4,013 4,179 10,295 3,175 5,977 3,336 3,526 3,696 5,552 5,548 4,163I
1936 3.061 2.745 4.154 10.295 10.187 7.241 2.913 2.379 3.221 7.241 5.163 5.647 i~
1937 2.292 2.711 4.342 6.963 10.294 10.169 . 3.198 2.576 4.189 5.086 5.765 3.216
1945 4.268 7.604 8.839 6.978 6.330 4.028 2.305 2.034 3.687 4.439 2.967 1.817

6.199 8.196 10.295 7.005 3.571 4.155 2.234 2.073 3.545 3.774 4.498 1.827~1946
1948’ 5.704 ’ 3.389 2.381 8.468 3.222 2.929 2.687 3.366 4.062 8.162 6.527 4.68.4I1950 3.873 2.874 2.584 10.295 9.360 4.332 2.443 1.947 3.588 4.253 5.227 3.813
1959 10.295 7.706 4.025 6.982 4.556 3.974 1.408 1.500 3.029 6.279 7.177 4.334
1962 1,815 3.215 6.585 3.372 10.277 5.928 1.943 1.997 3.042 6.574 7.851 2.685~
1966 ¯ 5.470 10.300 9.007 8.014 ¯ 4.556 4.375 2.023 1.982 3.030 7.416 7.34.5 5.254,
1968 10.295 5.139 4.439 3.997 4.490 4.177 1.765 1.472 3.025 6.851 7.495 4.362~
1972 6.542 6.183 10.295 8;911 5.056 4.406 1.680 1.502 ~3.009 8.086 7.051 5.224
1979 6.563 6.228 5.403 10.295 9.158 4.644 2.650 2.579 4.040 7.045 7.565

4.123~

Average 5.195 5.757 6.202 7.793 8.315 4.94~ 2.413 2.242 3,;458 8.138 6.042. 4.00~il
Base ~Run 411~)

1923 6.012 6.672 7.496 8.500 4.172 2.9r-’7 3.903 3.098 3.339 6.684 5.692 1.567~
1935 1.257 4.016 2.901 7.599 3.176 5.977 4.048 4.150 3.698 6.684 6.554 ’1.679
1936 3.050 3.139 3.943 7.667 8.500 7.155 3.625 3.004 3.312 6.684 6.554 1.668
1937 2.297 2.693 3.942 7.289 8.500 7.597. 4.025 3.295 4.826 . 6.346 1.853 1.676
1945 2.52O 6.672 7.172 6.978 6.497 3.~ 3.026 2.502 3.788 3.621 986 1.68~
1946 4.360 6.672 7.287 7.739 3.180 4 ~3. 2.946 2.646 3.575 6.684 1.534 1.91:~
1948 3.474 3.558 3.463 6.7"~4 3.225 2.£:.9 3.222 3.831 4.062 6.684 6.554 4.585
1950 2.642 2.880 2.570 7.397 7.441 4.~6 2.976 2.418 3.578 6.684 4.998 1.592
1959 6.652 6.672 4.025 7.691 7.555 3.895 1.871 1.942 3.033 6.684 4.088 . 2.349
1962 1.815 3.546 6.593 3.376 8.048 5.928 2.474 2.437 3.034 6.684 2.091 2.29~
1966 5.644 6.672 7.312 7.990 6.886 4.937 2.555 2.402 3.027 6.684 3.Q87 1.854"
1968 6,652 6,672 7,100 6,588 4,5.56 4,001 2,345 1,913 3,026 6,684 4,123 1,889
1972 6,652 6,472 7,030 7,374 4,831 4,347 2,132 1,942 3,005 6,684 5,372 2,271~
1979 6,652 6,599 4,386 7,853 8,500 6,703 3.371 3,203 4,138 6,684 4,973 2,15I

Average 4.263 5.210 5.373 7.201 6.076 i 4.927 " 3.037 2.770 3.532 6.441 4.176 2.085 ’
Difference (Run 455. Run 411)

1923 -1,001 3,628 2,799 -1,267 0 -4 -710 -624 -85 -1,515 ~1,283 3,411~
2,696 -1 0 -712 -624 -2 -1,132 -1,006 2,48g~1935 78 -3 1,278

2 1,687 861936 1 1 -394 211 .628 ~ -~12 -625 -91 557 -1.391 3.97~lI
1937 -5 18 400 -326 1.794 ~ 2.577 -~27 -719 -637 -1.260 3.912 1.54,
1945 1,748 932 1,667 0 " -167 72 -721 -468 -101 818 1,981 121~
1946 1.839 1.524 3.008 ~-734 391 -280 -712 -573 -30 -2.910 2.964 .66
1948 2.230 -169 -1.082 1.694 -3 . 0 -535 -465 0 1.478 -27 99
1950 1.231 -6 14 2.898 1.919 116 -533 -471 10 -2.431 229 2.22B
1959 3.643 1.034 0 -709 -2.999 79 " -463 -442 -4 -405 3.089 1.98~
1962 0 -331 -8 -4 2.229 0 -531 -440 8 -110 5.760 ~ 391
1966 -174 3.628 1.695 ~ 24 -2.330 -562 -532 -440 3 732 ’4.258 3.400
1968 3.643 -1.533 -2.661 -2.591 -66 176 -580 -441 -1 167 ¯ 3.372 2.47B
1972 -110 -289 3.265 1.537 225 59 -452 -440 4 1.402 1.679 2.94~
1979 -89 -371 1.017 2.442 658 -2.059 -721 -624 -98 361 2.592 1.96~F

.J
,Average 932 548 828 892 238 I g -624 -828 -73 ~ -303 1.866

Percent Difference [~Run. 455 Run 411 /Run 411]’100 ¯

1923 -17% 54% 37% -15% 0% 0% -18% -20%~ i -3% -23% -23% 218%
1935 6% 0% 44% 35% 0% 0% -18% -15% 0% -17% -15% 1491~
1936 0% ,13% 5% 34% 20% 1% -20% -21% -3% 8% -21% 239~
1937 0% 1% 10% -4% 21% 34% -21% -22% -13% -20% 211% 62~1

.1945 69% 14% 23% 0% -3% 2% -24% -19% -3% 23% 201%    8%
1946 4~2% 23% 41, -9% 12% -6% -24% -22% -1% -44% 193%
1948 64% -5% -31% 25% 0% 0% -17% -12% 0% 22% 0%
1950 47% ¯ 0% 1% 39% 26% 3% -18% -19% 0% -36% 5% 14
1959 55% 15% 0% -9% -40% 2% -28% -23% 0% -6% 76% 66%
1962 0% -9% 0% 0% 28% 0% -21% -18% 0% -2% 275% 17~
1966 -3% 54% 23% 0% -34% -11% -21% -18% 0% 11% 138% 163|
1968 55% -23% -37% -39% -1% 4% -25% -23% 0% 2% 82% 131~
1972 . -2% -4% 46 % 21% 5% 1% -21% -23% 0% 21% 31% 129%
1979 -~% -6% 23% 31% 8% -31% -21% -19% -2% 5% 92% 91%

Avera~le 23% 7% I 13"/. 8% ~    3% ~ , 0% -21% -20% -2% -4% 86% ,_

C--087603
C-087603













I
71 Year Record-Below Normal Years
Total Outflow from Delta (OV55+DVTO+RF91) (in cubic feet per second)
Existing Demand Level ¯
Fiahariaa ~Run 454) ¯_

1923 6.649 10.097 36.622 32.819 22.482 9.048 22.855 13.048 7,757 7.507 6,186 3,670
1935 2.992 5.639 5.536 18.253 11.400 20.245 38.018 28,043 9.237 7.089 5.618 3.601 ¯
1936 4.519 5,217 5.381 20.689 65,708 26~537 19.454 r 12.444 7,917 6.663 5,088 3.574 ¯
1937 4.651 5.021 6.555 6,867 33,793 44.084 21.168 13.653 11,061 6.505 4.668 3.008
1945 5,326 6.052 6,793 6;290 48.885 25,527 12.477 10.783 9,307 6,505 4.869 3,~50
1946 5.125 7.610 66.045 49.557 21.949 16.635 12,392 11,259 8.771 7,231 5.360 3,611¯
1948 5,449 5.414 5,763 6.403 11.400 10,956 21.681 26,852 11.576 9,938 6.209 4.535¯
1950 5,217 5,184 5,525 "9,655 25,488 15,574 ..16,869 11,792 8,692 8,249 5,869 4,157
1959 16.845 10.762 ~6,131 34,6’92 55,540 16,493 8,466 7,579 6,840 7,816 5.428 4,359
1962 4.684 5,089 6,908 6.001 46,440 18,372 10,222 11,401 6,840 8,566 . 5,731 4,225gi
1966 5.776 15,268 7,025 27.534 " 23.483 20.162 12,223 11.124 6.840 7,840 6.302 4,178I
1968 18.750 12,214 11,136 28,501 67,390 34.040 10,320 7.579 6,840 7,763 5.298 4,174I
1972 6,390 6,511 13,603 13.008 18,669 23,995 10,608 7,579 6,840 8,522. 5,857 3,765
1979 6,358 6.420 4.993 24,716 44,378 29,638 16.452 14,181 10,448 6.505 4,937 8,918mm

Average 7,053 7,607 13,430 20,356 35,500 22,236 16,658 13.380 8,498 7,621 5,530 3,885¯
Base (Run 420)

1935 1,354 3,678 2,681 7,534 3,167 6,056 4,048 4,178 3,620 5,619 3,807
1936 2,952 2,547 3,247 7,634 8,500 7,254 3,591 3,035 3,245 4,319 3,003 1,908
1937 2,347 2,140 7,052 6,872 8,500 7,592 4,014 3,351 1,443 890 1,882 1,755
i ~ 2,510 6.672 7,159 7,058 7,942, 4,051 2,940 2.528 3.739 2.071 2.348 1,685~
1946 4,093 6.672 7,260 7,739 3,230 4.650 2,941 2,681 3.519 5,315 3.244 1,787i
1948 3.277 3.655 3.491 6,717 3.223 3.011 3.286 3,854 4,133 6,684 6.554 5,759w

1950 2.730 2.820 2.476 7.338 7,441 4.544 2.964 2,699 3.505 6.684 5.495 2,062
~1959 6,652 ~ 3,709 3,532 3,147 3,657 3,249 1,883 1,965 2,968 3,973 2,521 2.2911
1962 1,912 2,808

¯
6,373 3,392 7,934 6,128 2,096 2,461 2,968 6,684 4,246 2,205I

1966 6,652 6,672 7,296 7,979 5,805 4,228 2.536 2,433 2,966 5,963 2,990 1,968m

1968 4,958 3.372 2.615 2.207 2.759 3,249 2.340 1,937 2,968 3.697 2.434 2,008
1972 6.652 6.672 7.003 5.202 4.542 5.081 2.312 1.967 2,944. 6,664 4.989 2,331~
1979 " 8,652 6.672 2.717 6.331 3.589 3.749 3,302 3.256 3,157 993 2.085 2~27!

Average 4,243 4,626 5,023 6,032 5,055 4,706 3,008 2,820 3,175 4,612 3,507 2,277 ’
Difference Run 454 - Run 420)

1923 -3 ~ 3,425 28.205 27,~t6 21,997 6,000 18,999 9,915 4,487 1,533 2,693 1,87~1
1935 1,638 1,961 2,855 10,719 8,233 ’ 14,189 33.970 23.865 5,617 1,470 1,811 1,558
1936 1,567 2.670 2,134 13.055 57.208 19.283 15.863 9,409 4,672 2,344 2,085 1,666~lB
1937 2,314 2.881 -497 -5 25,293 36.492 17.154 10,302 9.618 5,615 2,786 1,25:~
1945 2,816 -620 -366 -768 40,943 21,476 9.537 8,255 5,568 4,434 2.521 1,66I
1946 1,032 938 58.785 41.818 18.719 11,985 9.451 ¯ 8,578 5,252 1,916 2.116 1,824
1948 2.172 1,759 2,272 -314 8.177 7,945 16.395 22,998 7,443 3,254 -345 -1,224

2,487 2,364 3,049 2,317 18,047 11.030 13.905 9,093 5,187 1,565 374 2,09I1950
1959 10.193 7,053 2,599 31,545 51,883 13.244 6,583 5.614 3,8.72 ~ 3,843 2,907 2,06i
1962 2,772 2,281 535 2,609 38,506 12,244 8.126 8,940 3,872 1,882 1,485 2,020--
1966 :          -876 8,596 -271 19.555 17,678 15,934 9,687 8,691 3,874 1,877 3,312 2,210
1968 13,782 8,842 8,521 26,294 64.631 30,791 7,980 5,642 3,872 4,06.6 2.864 2,16I
1972 . -262 -161 6.60~) 7,806 14.127 18.914 8,296 5.612 8,896 1,838 868 1,43,
1979 -294 -252 2,276 18,385 40,789 25,889 13,150 10,925 7,291 5,512 2.852 1,639"

Avarc~le 2,910 2,981 8.407 14,324 30,445 17,530 13,,650 10,550 5,323 2,839 2,024
Percent Difference [IRun 4,54 Run 4~0 tRun 420]’.100

1923 0% 51% 354% 515% I 4535% I 197% 493% 316% 137% 25% 77% 105%
1935 121% 53% ! 106% 142% I 260% I 234% 839% 571% 155% 26% 48% 76~
1936 53% 105% 66% 171% I 673% I 266% 442% 210% 144% 54% 69% 57
1937 99% 135% -7% 0% I 298% I 481% 427% 307% 667% 631% 146% 71
1945 112% -9% -5% -11% I 916% I 530% 324% 327% 149% 214% 107% 99%
1946 25% 14% 810% 540% I 580% I 258% 321% 320% 149% 36% 65% 102~l
1948 66% 48% 65% -5% I 254% I 264% 560% 597% 180% 49% -5% -211
1950 91% 84% 123% 32% I 243% I 243% 459% 337% 146% 23% 7% 1028
1959 153% 190% 74% 1002% I 1419% I 408% 350% 285% 130% 97% 115% 90%
1962 145% 81% 8% 77% I 485% ’1 200% 388% 363% 130% 28% 35% 92%
1966 -13% 129% -4% 245% ] 305% ] 377% 382% 357% 131% 31% 111% 112I
1968 277% 262% 326% 1191% I 2343% I 948% 341% 291% 130% 110% 118%

16028%,1972 -4% -2% 94% 150% I 311% I 372% 359% 285% 132% 27% 17%
1979 -4% -4% 84% 290% I 1137% I 691% 398% 396% 231% 555% 137%    72%

Avara~la 80% 81% 192% 310% I 954%1 390% 435% 397% 187% 136% 78% I 83~

C--087609
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71 Year Record-Above Normal Years
Total .Outflow from Delta (DV58+DV60+RF91) (in cubic feet par second)
Existing Demand Level

Fisheries ~ ~. ~

1922 4.001 4.976 6.797 9.148 42.012 30,918 20,926 45.675 ¯ 24,223 8.002 ¯ 5,302 3,512
1928 5,650 14.662 6,395 19.636 24.133 99,245 24.825 13,323 7,579 8,985 6,247 3.884
1940 4,746 5.225 5,657 . 17,503 44.468 95,245 65,185 14,541 7,579 8.120 5,737 3.469
1951 6.015 41.413 60r, 013 64,871 65.443 27.244 14,570 16,507 7.579 9,719 6,459 4,149
1954 6,677 12,929 9,903 27.223 58.965 44,256 40,101 17,448 7,579 9,411 6,594 4,201
1957 9,864 6,487 5.439 9,389 34.707 41.278 15,542 14,545 8,393 9,828 7,258 3,988
1973 5;884 12.018 15,862 75.506 93.831 59.818 17,078 15,911 9,934 8,375 5.931 4,364
1978 2,992 4.043 6,855 62.409 60.480 .88,897 40,511 18,022 8,699 8,002 5,302 5,138
1990 4,001 7,012 8.351 111.271 132,383 89.359 17,002 13,478 7,579 8,002 5,302 5.116

Average 5,537 12,055 16,141 44,106 61,825 59,584 28,416 18,528 9,905 8~716 6,015 4,202

Bose

1922 2,369 2,652 7,211 7,918 8,500 5,065 4,001 4,377 6,672 311 307 1,847
1928 5,215 6,672 7,103 7,545 4,469= 4,228’ 3,687 2,926 3,161 3,661 2,759 1,652

¯ 1940 1,740 2,048 3,160 7,477 7,821 7,254 4,048 3,419 3,164 . 6,684 4,242 1,981
1951 4,671 6,672 7,592 8,500 6,593 4,363 3,121 3,488 3,154 6,004 3,252 1,945
1954 6,652 6,672 " "~ 6.424 5,434 ’3,819 4,349 3,687 3,390 3,132 4,682 3,143 2,053
1957 6,652 6,509 3,506 7,164 6,131 4,375 2,903 2,793 3,381 6,644 3,294 1,893
1973 3.783 6.672 ~ 6.990 7.344 8.079 5.734 3.386 3,465 3,907 3,467 2.827 2.662
1976 1~404 1,334 6,584 3,949 1,516 . 2,846 2,863 2,630 2,017 453 303 3,564
1980 3,460 6,672 7,071 8,500 4,321 3,255 2~887 3,386 1,551 307 703 5,790

Average 3,994 5,100 6,182 7.092 5.694 4,608 3,398 3,319 3,349 3,579 2,314 2,599

Difference (Run 454 - Run 420)

1922 1,632 2,324 -414 1,230 33,512 25,853 16,925 41,298 17,551 7,691 4,995 1.665
1926 435 7,990 -707 12,091 19,664 95,017 21,138 10,397 4,418 5,324 3,488 2,232
1940 3,006 3,177 2,497 10,026 36,647 87,991 61,137 11,122 4.415 1.436 1,495 1,488
1951 1,344 34,741 72,421 56,371 58,850 22,881 11,449 13,019 4,425 3,715 3,207 2,204
1954 25 6,257 3,479 21,789 55,146 39,907 36,414 14,058 4,447 4.729 3,451 2,148
1957 3.212 °22 1.933 2,225 28,576 36,903 12,639 11,752 5,012 3,184 3,964 2,095
1973 2.101 5.346 8,872 68.162 85.752 54;084 13,692 12,446 6,027 4,908 3,104 1,702
1978 1.588 ~ 2,709 271 58.460 58,964 66,051 37,648 15,392 6,682 7,549 4,999 1,574
1980 541 340 1,280 102,771 128,062 66,104 14,115 10,092 6.028 7,695 4,599 -674

Averac, le 1,543 e,985 9,959 37.014 56,130 54,977 25,017 15,508 6,556 5,137 3,700 1,604

Percent Dlffsrence |~Run 454 - Run 420 ’100

1922 69% 88% -6% 16% 394% 510% 423% 944% 263% 2473% 1627% 90%
1928 8% 120% -10% 160% 440% 2247% 873% 358% 140% 145% 126% 135%
1940 173% 155% 79% 134% 469% 1213% 1510% 325% 140% 21% 35% 76%
1951 29% 521% 954% 663% 893% 524% 367% 373% 140% 62%. 99% 113%
1954 .0% 94% 54% 401% 1444% 918% 988% 418% 142% 101% 110% 105%
1957 48% 0% 55% 31% 466% 843% 435% 421% 148% 48% 120% 111%
1973 56% 80% 127% 928% 1061% 843% 404% 389% 154% 142% 110% 64%
1978 113% 203% 4% 1480% 3889% 2321% 1315% S85% 331% 1666% 1650% 44%
1980 15% 5% 18% 1209% 2964% 2031% 489% 298% 389% 2507% 654% -12%

Avers~e 57% 141% 142% S58% 1336% 1283.% 723% 463% 205% 796% 503% 81%

C--08761 0
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71 Year Record-Wet Yesr~
Total Outflow from Delta (DV58+DV60.+RF91) (in cubic feet per second)
Existing Demand Level
Fisheries (Run 454)

1927 5.098’ 8.710 . 6.648 23.052 119.988 36.601 47.282 21.219 7,880 8.002 5.741 3,559
1938 4,094 19.264 68.198 31.378 142.680 163.211 66.021 60.575 32,476 8,002 5.741 6.249
1941 4,920 5,575 39.933 99.976 116.742 96.082 79,655 39.525 11,632 8,002 5.741 5.464
1942 9,488 14.983 65.496 82.007 143.140 25.114 51,177 35,765 16,858 8,002 5,741 5,147
1943 10,450 ¯ 16,112 26.449 81.084 59.519 80.525 28,153 15,968 7,579 8,002 5,741 3.152
1952 5,260 6,565 39.374 86,226 78.449 62.223 64.228 61.381 32,319 8,002 .5.741 7.296
1953 17,538 12,042 43,745 102,059 25,722 17.525 17,403 21,980 15,704 8,002 5,741 5,551
1956 4,581 5,656 71,200 156,594 89,433 34.191 19,238 40,363 14,515 8,002 6,124 6~094
1958 6,592 6,811 15.833 34.615 158.449 122,685 102,075 41,188 28.414 8,002 5.741 6.673
1963 25.3~8 6,997 20,531 12,513 67.538 25,556 91,392 27,478 8,852 8,002 6,143 5,096
1965 4,882 6,176 70,285 110.627 29,323 16,371 46.846 20,272 7,579 9,017 6.045 3,726
1967 5,019 6,230 31,899 46,677 58,858 56,259 49,253 46,128 36,287 ¯ 9,802 5,741 7,259
1969 5,281 5.645 10,774 116,695. 135.202 57.405 47,555 59,.410 26.877 8.002 5,741 9,946
1970 20,276 14,092 55,586 205.728 91.231 35,324 11,571 8,923 7,579 9,091 5,893 3,880
1971 5,178 12,428 62,463 48,641 23,677 46,262 17,875 2.7,439 12,689 8,002 6,438 5,945
1974 5,655 56.170 63,717 130.199 42.707 .104.902 71,971 22,129 12,454 8,002 5,887 6,803
1975 9.064 11,488 12.038 10.364 66,172 85.521 22.512 30.338 15.245 8.002 6,042 6,309
1982 4,937 25,205 84.808 79.870 99.462 82.227 142,869 48,456 16.959 8,002 5.801 12,4~12
1983 33,848 46,767 89,978 107.987 189,091 263.316 111,070 83,414 74,552 32,035 9,718 26,028
1984 37,420 83.001 159.166 85,444 49.714 36.157 14.520 10,756 7,894 r 8.339 5.741 5,727
1986 4T705 5w200 7~022 8~751" 217~339 154~185 31w569 12~627 7~579 8~002 5~741 3~881

Avera~le 10,934 17,863 49,769 79,071 95 449 76,269 64;011 35,016 19 139 9,346 6,047 6,962
Base (Run 420)

1927 2.457 6.672 6.933 7.117 7,910 4,447 4.049 4.023 2,677 . 1.049 2.187 1,952
1938 3,108 6,672 7,090 8,123 5,189 3,888 3,312 4,063 5,653 307 305 6,588
1941 ’ 2,361 3,766 7,192 8,221 8,500 7,542 3,954 3,736 3,977 307 303 8,038
1942 6,652 6,672 3,458 3,089 3.453 3.376 3;965 4,377 6,658 311 307 6,0.10
1943 6,652 6,672 4,194 3,228 3,702 3,408 3,946 2,343 2,288 866 1,822 1,458
1952 2,620 6,672 7,043 8,500 8,278 5,306 3,808 4,236 5,248 3,851 955 6,588
1953 5,723 3,618 3,427 2,284 2,745 3,249 2,973 3,745 5,946 311 622 4,285
1956 2,603 3,769 7,040 8.500 8.500 7,254 3,793 . 4,377 5,406 1,967 3,150 6,588
1958 6,652 6,672 7,111 7.582 4,852 5,512 4,704 4.690 6,165 1,288 2,442 6,588
1963 6,652 6,672 7,005 7,234 2,013 6,281 4,050 4,178 3,536 2,445 2,700 3,861
1965 2,183 6,358 7,047 8,500 7,821 5,380 4,274 4,699 3,167 4,737 3,241 1,995
1967 2,618 6,672 7,265 7,687 7,836 3,205 4,194 4,063 5,653 6,173 1,194 6,588
1969 2,606 4,788 6.988 8.144 8,166 3,103 3,277 3.824 4,996 1,973 382 6,588
1970 6,652 3,618 3,166 3,058 2,745 3,249 3.000 2,353 3,141 2,677 2,307 1,859
1971 2,596 6.672 7,150 7.389 4,742 6.870 3.057 3.851 4,513 3,650" 3,264 5,649
1974~ 6,652 6,672 7,091 7,815 4.093. 4,281 4,274 4,458 4.432 2,330 2,181 6,588
1975 6.652 6,672 6.752 3.464 3,941 4.349 4,134 4,377 5.835 1,185 3,057 6,588
1982 1,928 6,672 6.956 7.786 8.500 4.365 4.906 5,713 6,672 3,985 3,390 6.588
1983 6,652 4,029 3,676 2,983 3,020 2,514 3,234 2,207 3,075 3,193. 5,445 3,734
1984 2.687 2,361 1,969 1.759 2.499 3,112 ~ 3.136 2’.552 3,342 1,624 2,117 6,034
1986 2~281 4~427 71059 7T181 81500 7~592 6~234 3~597 21698 , 860 11791 3~416~

Avera~le 4,237 5,562 5,982 6,174 5,572 4,680 3,918 3~870 4,528 2,147 2,055 4,980
Difference (Run 484 - Run 420.

1927 2,641 2,038 ~285. .15.935 112.078 32,154 43.234 17,196 5,203 6j953 3,554 1,607
1938 986 12,592 61,108 23,255 137,491 159,323 62,709 56,512 26,823 7,695 5,436 -339
1941 2,559 1,809 32,741 91,755 108.242 88,540 75.701 35.7.89 7,655 7,695 .5,438 426
1942 2,836 8,311 62,038 78,918 139,687 21,738 47,212 31,3~J8 : 10,200 7,691 5,434 -863
1943 3,798 9,440 .22,255 77.856 55,817 77,117 24,207 13,G25 5,291 7,136 3,919 1,694
1952 2,640 -107 32,331 77.726 70.171 56,9~7 60.420 57;145 27,071 4,151 4,786 708
1953 11,815 8,424 40,318 99,775 22,977 14.276 14,430 18,235 9,758 7~691 5.119 . 1,266
1956 1,978 1,887 64,160 148,094 80,933 26,937 15,445 35.986 9,109 6.035 2,974 -494
1958 -60 139 8,722 27,033 153,597 117,173 97,371 38,498 22,249 6,714 ’3,299 85
1963 18.686 325 13,526 5,279 65,525 19.275 87.342 23,300 5,316 5,557 $,443 1,235
1965 2,699 -182 63,238 102,127 21,502 10,991 42,572 15,573 4.412 4,280 2.804 1.731
1967 2,401 -442 24,634 38,990 51,022 53,054 45,059 42.065 30,634 3,629 4,547 671
1969 2.675 857 3,786 108,551 127,036 54,302 44,278 55.786 21,881 6,029 5,359 3,358
1970 13.624 10,474 52,420 202,670 88,486 32,075 8,571 6,570 4,438 6,414 3,586 2,021
1971. 2,582 5,756 55.313 41,252 18,935 39,392 14.818 23,588 8.176 4,352 3,174 296
1974 -997 49,498 56.626 122,384 38.614 100,621 67.697 17.671 8,022 5.672 3.706 215
1975 2,412 4,816 5,286 6.900 62,231 81,172 18.378 25.961 9,410 6,817 2,985 -279
1982 3.009 18.533 77.852 72,084 90.962 77,862 137.963 42.743 10.287 4,017 2.411 5,824
1983 27,196 42.738 86.302 105.004 186,071 260.802 107.836 81.207 71.477 28.842 4,273 22,294
1984 ¯ 34,733 80,640 157,197 83,685 47,215 33,045 11,384 8.204 4,552 6,715 3,624 -307
1986 2,424 773 -37 - 1 570 208,839 146,593 25,335 9,030 4,881 7,142 . 3,950 465

Avers(je 6,897 12,301 43,787 72,897. 89,878 71,589 50,093 31,146 14,612 7,201 3,991 1,982

C--087611
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71 Year Record-Wet Years
Total Outflow from Delta (DV58+DV60+I~IF91) (in cubic feet .per eecond)
Existing Demand Level

Percent Difference ((Run 454 Run 4201Rlun 420]’100
YEAR OCT NOV 13EC JAN FE]B MAR AF~ MAY JUN JUL AUG ~
1927 107% 31% -4% 224% 1417% 723% 1.068% 427% 194% 66.3% 163% 82%
1938 32% 189% 862% 286% 2650% 4098% 1893% 1391% 474% 2507% 1782% -5%
1941 108% 48% 455% 1116% 1273% 1174% 1915% 958% 192% 2507% 1795% 8%
1942 43% ¯ 125% 1794% 2555% 4045% 644% 1191% 717% 153% 2473% 1770% -14%
,1943 57% 141% 531% 2412% 1508% 2263% 613% 682% 231% 824% 216% 116%
1952 101% -2% 459% 914% 848% 1073% 1587% 1349% 516% 108% 601% 11%
1953 206% 233% 1176% 4368% 837% 439% .485% 487% 164% 2473% 823% 30%
1956 76% 50% 911% 1742% 952% 371% 407% 822% 168% 307% 94% -7%
19.58 -1% 2% 123% 357% 3166% 2126% 2070% 778% 361% 621% 135% 1%

¯ 1963 281% 5% 193% 73% 3255% 307% 2167% $58% 160% 227% 128% 32%
1965 124% -3% 897% 1201% " 275% 204% 696% 331% 139% 90% 87% 87%
1967 92% -7% 339% 507% 651% "1656% 1074% 1035% 542% 69% 361% 10%
1969 103% 18% 54% 1333% 1566% 1750% 1351% 1539% 438% 306% 1403% 61%
1970 205% 289% 1656% 6628% 3224% 987% 286% 279% t41% 240% 155% 109%
1971 99% 86% 774% 658% 399% 573% 485% 613% 181% 119% 97% 5%
1974 -15% 742% 799% 1566% 943% 2360% .1684% 396% 181% 243% 170% 3%
1975 36% 72% 78% ¯ 199% 1,679% 1866% 445% 593% 161% 575% 98% ’-4%
~1982 156% 278% 1119% 926% 1070% 1784% 2812% 748% 154% 101% 71% 88%
1983 409% 1061% 2348% 3520% ~6161% 10374% 3334% 3680% 2324% 903% ¯ 78% 597%
1984 1293% 3416% 7984% 4758% 1889% 1062% 363% 321%" 136% 413% 171% -5%
~1986 106% 17% -1% 22% 2457% 1931% 406% 251% 181% 830% 221% 14%

Average 172% 323% 1074% 1679% 1912% 1798% 1263% 850% 342% 785%~ 492% 68%

C--08761 2
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I
71 Year Record-Below Normal Years
Total Outflow from Delta (DV58+DV60+RF91) (in cubic feet per second)
Future Demand Level []
Flshariea IRun ’455) []

1923 5.135 8.473 27.876 29.276 15.020 9.649 23.551 12.998 7.767 7.207 5.797 5.354
1935 2.992 5.736 5.543 17.681 1~1.400 20.070 37.677 28.043 9.250 7.396 6.276 5.029B
1936 4.168 5.275 5.637 21.489’ 61.804 24.380 19.924 12.439 7.908 7.974 6.121 5.530u
1937 4.001 5.343 5.309 7.074 33.816 40.282 21.385 12.816 ’11.126 6.935 6.256 4.114
1945 5.164 6.184 6.890 6.209 40.620 21.043 13.380 10.833 9.304 6.666 5.082 3.431
1946 5.100 8.784 59.983 45.202 22.658 15.456 12.569 11.259 8.775 6.505 5.9"37 3.64~
1948 5.582 5.476 5.393 6.70! 11.400 10.683 20.378 25.247 11.058 8.246 6.660 5.367~
1950 4.471 5.188 5.247 9.878 25.662 15.144 17.118 11.254 8.820 6.716 6.547 5.057TM

1959 10.593 6.602 5.684 31.284 54.083 17.064 8.458 7.579 6.840 7.703 7.106 5.215
1962 4.001 5.183 6.953 6.001 . 46.006 18.005 11.825 11.401 6.840 7.746 7.128 4.271~
1966 4.625 15.143 7.197 22.178 23.230 17.828 12.616 11.124 6.840 8.029 6.946 5.55!
1968 10.719 10.121 9.678 27.163 66.163 32.934 10.596 7.579 6.840 7.863 6.899 5.269
1972 5.423 ~6.378 7.651 7.138 19.095 25.076 10.577 7.579 6.840 8.226 6.875 5.229
1979 5.377 6.047 6.148 14.858 35.388 29.15! 17.183 13.968 10.514 7.926 6.850

5.00’~

Average 5.525 6.995 11.799 18.009 33.310 21.198 18.946 13.152 8.480 7,510 6.463 4.861~
Base ¯ (Run 411)

1923 6.012 6.672 7.496 8.500 4.172 2.907 3.903 3.098 "3.339 6.684 5.692 1.56I
1935 1.257 4.016 2.9~01 7.599 3.176 5.977 4.048 4.150 3.698 6.684 6.554 1.674~
1936 3.050 3.139 3.943 7.667 8.500 7.~55 3.625 3.004 3.312 6.684 6.554 1.668
1937 2.297 2.693 3.942 7.289 8.500 7.592 4.025 3.295 4.826 6.346 1.853 1.676
1945 2.520 6.672 7.172 6.978 6.497 3.956 3.026 2.502 3.788 3.621 986 1.68~
1946 4.360 6.672 7.287 7.739 3.180 4.435 2.946 2.646 3.575 6.684 1.534 1..91~1~
1948 3.474 3.558 3.463 6.774 3.225 2.929 3.222 3.831 4.062 6.684 6.554 4.585
1950 2.642 2.880 2.570 ¯ 7.397 7.441 4.216 2.976 2.418 3.578 ’6.684 4.998 1.592
1959 !. 6.652 6.672 4.025 7.691 7.555 3.895 1.871 1.942 3.033 6.684 4.088 2.34~
1962 1.815 3.546 ¯ 6.593 3.376 8.048 5.928 2.474 2.437 3.034 6.684 2.091 2.29I
1966 5.644 6.672 7.312 7.990 6.886 4.937 2.555 2.402 3.027 6.684 3.087 1.854"
1968 6.652 6.672 7.100 6.588 4.556 4.001 2.345 1.913 3.02,6 6.684 4.123 1.889
1972/ 6.652 6.472 7.030 7.374 4.831 4.347 2.132. 1.942 3.005 6.684 5.372 2.271~
1979 6.652 6.599 4.386 7.853 8.500 6.703 3.371 3.203 4.138 6.684 4.973 2.15I

Average 4.263 5.210 5.373 7.201 6.076 4.927 3.037 2.770 3.532 6.441 4.176 2.085
Difference

.~(Run 455 - Run
411)

1923 -877 1,801 20,380 20,776 1,0,848 6,742 19,648 9,900 4,428 ~ 523 105 3,78~11
1935 1.735 1.720 2.642 10.082 8.224 14.093 33.629 23.893 5.552 712 -278 3.355
1936 1.118 2.136 1.694 . 13.822 53.304 17.225 16.299 9.435 4.596 1.290 -433 3.86:~11
1937 1.704 2.650 1.367 -215 25.316 32.690 17.360 9.523 6.300 589 4.403 2.431~
1945 2.644 .488 -282 -769 34.123 17.087 10.354 8.331 5.516 3.045 4.096 1.74~1~
1946 , 740 112 52,696 37,463 19,478 11,021 9,623 8,613 5,200 -179 ’4,403, 1,727
1948 2,108 1,918 1,930 -73 8,175 7,754 17,156 21,416 6,996 ’1,562 106 782
1950 1.829 2.308 2.677 2.481 18.221 10.928 14.142 8.836 5.242 32 1.549 3.46!
1959 3.941 -70 1.659 23.593 46.528 13.169 6.587 5.637 3.807 1.019 3.018 2.86]~
1962 2.186 1.637 360 2.625 37.958 12.077 9.351 8.964 3.806 1.062 5.037 1.977
1966 -1.019 8.471 -115 14.188 16.344 12.891 10.081 8.722 3.813 1.345 3.859 3.701
1968 4.067 3.449 2.578 20.575 61.607 28.933 8.251 5.666 3.814 1.179 2.776 3.37~
1972 "1.229 -94 621 -236 14.264 20.729 8.445 5.637 3.835 1.542 1.503 2.95U
1979 -1.275 -552 1.762 7.005 26.888 22.448 13.812 10.765 6.376 1.242 1.877 2.845-

Average 1.262 1.786 6.426 10.808 27.234 18.271 1’3.908 10.381 4.949 1.069 2.287
Percent Difference [IRun 455 - Run 411 /Run 411]’100 ,

1923 -15% 27% 272% 244% 260% I 2=2% 603% I 320% 133% 8% 2% 242%
1935 138% 43% 91% 133% 259% I 236% 831% I 676% 150% 11% -4% 206I
1936 37% 88% 43% 160% 627% I 241% ’ 450% I 314% 139% 19% -7% 232!
1937 74% 98% 35% -3% 298% I 431% 431% I 289% 131% 9% 238% 145~il~

1945 105% -7% -4% ’ -11% 525% I 432% 342% I 333% 146% 84% 415% 103%
1946 17% 2% 723% 484% S13% I 249% 327%’ I 326% 145% -3% 287%
1948 61% 54% 55% -1% 253% I 255% 532% I 559% 172% 23% 2% 17
1950 69% 80% 104% 34% 245% I 2S9% 475% I 385% 147% 0% 31% 21
1959 59% -1% 41% 307% S16% I 338% 352% I 290% 126% 15% 74% 122%
1962 120% 46% 5% 78% 472% I 204% 378% I 368% 125% 16% 241%
1966 -18% 127% -2% 178% 237% I 261% 394% I 363% 126% 20% 125% 200 
1968 61% 52% 36% 312% 1352% ] 723% 352% I 296% 126% 18% 67% 179J
1972 -18% -1% 9% -3% 295% ] 477%

~
396% ] 290% 128% 23% 28% 130%

1979 -19% -8% 40% 99% 316% I 335% 410% i 336% 154% 19% 38% 132%.
Avere~te 48% 41% 104% 144% 455% ! 334% I 441% I 359% 139% 19% 110% I 150;
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71 Yssr Record-Above Hormal Years
Total Outflow from De~:s (DV58+DV60+RF91) (in cubic feet per second)

I Future Demand Level

Fisheries Run 455)

1922 4,001 4.968 7.280 9.232 43.076 29.640 21,247 46,230 23,068 8,002 6,839 4.284
1928 4,001 11,904 6.453 12.916 20.256 93.960 25.192 13,442 7.579 8,002 8,193 4,247
1940 4,001 5.177 6,197 18.914 41.812 96.912 66.413 14,512 7.579 8,922 6.6t9 5,502
1951 4,962 42,421 89,577 65.102 65,538 26,505 14.743 17,174 7,579 9,862 7,490 5,642
1954 5,440 ~ 8,234 6,237 17.649 57.917 44.745 40,729 17~555 7,579 8..973 8,158 5,134
1957 7,279 6,481 4.966 6,944 30.722 41;211 16,071 14,616 8,379 10.049 7,327 5.809
1973 4.426 12,361 14.966 71,553 92.777 59.845 17,297 15.596. 9,981 9,357 7,597 4.632
1978 2.992 4.149 6,799 58,128 62.007 62,002 40,985 18.434 9,263 8,002 6,930 4.342
1980 4.001 6.128 8,708 91,933 130.414 67,886 17,443 13,882 7,579 9,092 7.017 3.516

Average 4,567 11,314 16,798 39.152 60,502 58,081 28,791 19,049 9,843 8,918 7,352 4,790

Base

1"922 2.325 2.746 7.257 7,950. 8.500 5.718 4.030 4,336 6,672 6,684 3,291 1,965
1928 3,329 6.672 7.108 7.551 6.163 7.064 3,687 2,904 3,222 5.684 1,511 ~ 1,915
1940 1,723 1,980 3.806 7,586 7,821 7,254 4,048 3,393 3,237 6,684 6,554 1.459
1951 4.948 6.672 7.592 8,500 4.161 4.451 3,131 3,531 3,217 6,684 6,343 1,847 r
1954 6.102 6.672 5.631 7.303 7.441 6.362 3;687 3,364 3,191 6.684 3.099 2.077
1957 6.652 6.370 2.448 5.9~15 7.725 6,552 2.938 2,774 3.428 6,684 6,554 1,853
1973 3,964 6.672 6.998 7.393 7.446 4,413 3.399 ~ 3.402 3,980 5.684 5,181 2,614
1978 1.330 1,614 6.986 6.894 1.517 4.644 4,838 4,532 3.638 5,463 1,739 1,791
1980 3.537 6.672 7,104 "8,500 6.500 4,942 3.795 3.387 3,219 8,684 6.346 3;672

Average 3.768 5.119 6,103 7,510 6,586 6,711 3,728 3,514 3,756 8,548 4,513 2,133

Difference (Run 455 - Run 4111

1922 1.676 2.222 23 1.282 34.576 23,922 17,217 41,894 16,396 1,318 3,548 2,319
1928 672 5,232 -655 5,365 14.093 86,916 21,505 10,538 4,357 1,318 6,682 2,332
1940 2.278 3,197 2,391 11.328 33.991 89,658 = 61,365 11,119 4,342 2,238 65 4.043
1951 14 35,749 .81.985 56.602 61.377 22,055 ’ 11,612 13,643 4,362 3,178 1,147 3.795
1954 -662 1,562 606 10.34~6 50.476 38~363 37,042 14,191 4,385 2.289 5,059 3.057
1957 627 111 2,520 1.029 22.~)97 34,669 13.133 11.842 4,951 3.365 773 3,956
1973 462 5.689 7,968 64.160 85.331 55,432 13.898 12.194 6,001 2,673 2,416" 2,018
1978 1.662 2.535 -187 51.234 60.490 57.358 36,147 13.902 5,625 2,539 5,191 2.551
1980 464 -544 ~ 1,604 83,433 121,914 62,944 13,648 10,495 4,360 2,408 671 -156

Avere~le 799 6.195 10,695 31,642 53,916 82,370 25,063 15,835 6,057 2,370 2,839 2,657

Percer.~ !)iffersnce      Run 456 - Run 411 /Run 4111"100
Y~ ~ NOV CEC JAN R~ ~ ~ MAY JUN JUL ~ ~’
1922 72% 81% 0% 16% 407% 418% 427% 956% 246% 20% 108% 118%
1928 20% 78% -9% 71% 229% 1230% 983% 363% 135% 20% 442% 122%
1940 132% 161% 63% 149% 435% 1236% 1816% 328% 134% 33% 1% 277%
1951 ,0% 536% 1080% 666% 1475% ¯ 496% 371% 386% 138% 48% 18% 205%
1954 -11% 23% 11% 142% 678% 603% 1005% 422% 138% 34% 163% 147%
1957 9% 2% 103% 17% 298% 829% 447% 427% 144% 50% . 12% 213%
1973 12% 85% 114% 868% 1146% 1256% 409% 358% 161% 40% 47% 77%
1978 125% 157% -3% 743% 3987% 1235% 747% 307% 155% 46% 299% 142%
1980 13% -8% 23% 982% 1434% 1274% 360% 310% 135% 36% 11% -4%

Average 41% 124% 153% 406% 1121% 920% 652% 430% 163% 36% 122% 144%
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i
71 Year Record-Wet Years
Total Outflow from Delta (DV58+DV60+RF91) (in cubic feet per second) ¯
Future Demand Level |Fisheries

1927 4,393 10.291 6,492 20.152 124,583 39.497 48,214 21,036 7,894 9,364 " 7,910 4,253
1938 4,001 14,644 54,310 23.866 135,670 163,376 65,965 59,981 28,950 8,002 5,741 5,616
1941 4,001 5,794 34,648 i 95,877 114.939 96,066 80,368 39,469 11,443 8,002 7,179 4,330
1942 6.139 7.184 55.486 80.948 141.778 22.782 53.223 35.691 16.242 8.002 7.264 4.225
1943 6.250 8.462 20.016 79.473 58.208, 79.264 28.830 15.865 7.579 8.856 8.064 4.476
1952 4.001 6.664 39.097 80.320 75.043 62.259 64.579 61.631 28.074 8.002 5.741 6.563 .
1953 10.267 7.824 43.459 99.990 23.813 16.028 18.412 22.038 15.355 8.190 8.422 5.379
1956 4.088 5.745 69.503 155.576 90.957 33.255 19.834 40.161 13.909 8.156 7.090 5.381
1958 6.114 6.719 14.162 32.773 151.232 124.951 105.929 41.860 25.944 8.002 6.286 6.299
1963 21.519 6.964 19.596 12.741 72.189 27.666 92.545 27.168 8.852 9.267 7.643 5.290
1965 4.001 6.499 67.852 111.924 30.992 15.268 48.607 20.029 7.579 9.289 7.439 4.735
1967 4.001 6.626 30.585 41.435 .51.598 56.765 52.250 46.682 32.443 8.002 5.741 6.464
1969 4.282 5.654 10.598 108.895 131.860 ! 57.022 47.518 56.344 21.641 8.002 5.741 8.448
1970 12.805 10.031 55.374 204.333 89.738 33.979 11.763 . 8.870 7.579 9.711 8.016 5.444
1971 4.001 12.454 56.954 42.048 23.945 43.197 18.215 27.410 12.173 8.862 7.706 5.776
1974 4.463 49.385 62.862 127.210 43.076 106.170 72.545 21.715 11.983 8.334 7.277 6.216
1975 6.~06 6.513 9.964 10.232 67.918 86.093 22.853 29.819 14.689 8.064 6.878 5.957
1982 4.142 20.274 80.266 77.550 98.363 83.077 143.166 47.305 16.481 8.002 5.741 11.772
1983 27.692 47.329 89.720 107.328 188.7,66 262.508 110.415 81.238 71.386 28.993 7.311 23.168
1984 ¯ 35.251 82.636 157.477 83.489 47.913 34.922 14.805 10.481 7.958 9.824 7.150 5.449
1986 4T001 51153 6~867 8T896 212~367 153~030 30~871 12~575 7~579 8~942 6~938 3~690

Average 8.648 15.850 46.918 76.431 94.045 76.056 54.805 34.637 17.892 9.518 7.013 ~ 6.616
Base ~Run 411)

1927 2.520 6.672 6.936 7.128 7.970 4.782 4.051 3.972 3.30,4 6.684 5.366 1.799
1938 3,108 . 6,672 7,120 8,144 7,005 4,644 4,973 5,766 6,672 3,687 2,225 6,588
1941 2,362 3,738 7,246 8,237 8,500 7,592 5,942 4,575 4,281 6,684 2,710 4,187
1942 6,652 6,672 7,407 8,301 5.406 4,481 4,274 4,336 6,440 6,023 2,223 5,154
1943 6,652 6,672 7,187 7,470 4,358 4,508 4,274 3,806 3,221 6,684 4,870 1,441
1952 2.712 6,650 7,087 8.500 8.272 6.105 4,889 5,343 6,672 4,107 2,225 6,588
1953 6.652 6.672 7.222 7.239 4.556 4.644 3.06.1 3.713 5.824 8.684 5.938 3.185
1956 2.537 3.931 7.105 8.500 7.235 4.644 3.839 4.336 5.206 6.684 4.739~ 6.447
1958 6.652 6.672 7,130 7.647 8.364 4.783 5.544 4.575 6.672 5.352 2.225 6.588
1963 6.652 6.672 7.013 6.335. 3.642 4.644 4.048 4.150 3.584 6.684 6.554 1.993
1965 2.250 6.045 7.085 8.500 6.108 4.643 .4.274 4.494 3.230 6.684 6.082 1.964
1967 2.490 6.586 7.287 7.752 6.696 3.963 5.077 4.575 8.872 8.884 1.154 6.588
1969 2.562 5.133 7.026 8.182 8.500 4.319 4.889 5.522 6.672 2.769 2.225 6.588

’1970 6.652 6.672 7.383 6.331 4.556 4.128 3.010 2.317 3.202 6.684 4.448 1.760
1971 2.617 6.672 7.172 7.384 6.359 7.064 3.079 3.827 4.435 6.684 6.403 4.462
1974 5.198 6.672 7.194 8.069 6.308 4.664 4.274 4.264 4.362 6.684 4.404 6.588
1975 6,652 6,672 7,165 6,115 4,515 4,447 4,154 4,336 5,659 8,664 2,427 6,588
1982 2,070 6,672 6,964 7,819 8,301 5,585 5,427 6,189 6,602 4,225 3,315 6,588
1983 6,652 6,672 7,592 4,588 3,584 3,457 4,485 4,237 5,415 5,535 6,554 6,588
1984 4,986 4,174 3,919 3,638 4,382 4,520 3,152 2,494 3,415 6,684. 6,554 5,435
1986 2T269 4~286 7~078 ~ 7~219 8~500 7~592 6T499 3~589 3~224 6~684 5~613 3~74~’

Average 4.328 6.061 7.015 7.290 6.339 5.010 4.439 4.308 4.989 5.965 4.203 4.803
Dlfferanc,

Oc~Run 4~N(~vRUn 411)
1927 1.873 3.619 -444 ". 13.024 116.613 34.715 44.163 17.064 4.590 2.680 2.544 . 2.454
1938 893 7.972 47.190 15.722 128.665 158.732 60.892 54.215 22.278 .4.315 3.516 -972
1941 1.639 2.056 27.402 87.640 106.439 88.474 74.42~ 34.894 7.162 1.318 4.469 143
1942 -513 512 48,079 72,647 136,372 18,301 48,943 31,355- 9,802 1,979 5,041 -929
1943 -402 i,790 . 1"2,829 72,003 53,850 74,756 24,555 12,059 ’4,358 2,172 3,194 3,035
1952 1,289 14 32,010 71,820 66,771 56,154 59,690 56,288 21,402 3,895 3,516 -25
1953 3,615 1,152 36,237 92,751 19,257 11,384 15,351 18,325 9,531 1,506 2,484 2,194
1956 1,551 1,814 62,398 147,076 83,722 28,611 15,995 35,825 8,703 1,472 2,351 -1,066
1958 -538 47 7,032 25,126 142,868 120,168 100,385 37,285 19,272 2,650 4,061 -289
1963 14.867 292 12.583 6.406 68.547 23.022 88.497 23.018 5.268 2.583 1.089 3.297
1965 1.751 454 60.767 103.424 24.884 . 10.625 44.333 15.535 4.349 2.605 1.357 2.771
1967 1.511 40 23.298 33.683 44.902 52.802 47.173 42.107 25.771 1.318 4.587 -124
1969 1.720 521 3.572 100.713 123.360 52.703 42.629 50.822 14.969 5.233 3.516 1.860
1970 6.153 3.359 47.9,91 198.002 85.182 29.851 8.753 6.553 4.377 3.027 3.568 3.684
1971 1.384 5.782 49.782 34.664 17.586 36.133 15.136 23.583 7.738 2.178 1.303 1.314
1974 -735 42.713 55.668 119.141 36.768 101.506 68.271 17.451 7.621 1.650 2.873 -372
1975 -446 -159 2.799 4.117 63.403 81.646 18.699 25.483 9.030 1.380 4.451 -631
1982 2.072 13.602 73.302 69.731 90.062 77.492 137.739 41.116 9.879 3.777 2.426 5.184
1983 21,04(: 40,657 82,128 102,740 185,182 259,051 105,930 77,001 65,971 23,458 757 16,580
1984 30,26! 78,462 153,558 79,851 43,531 30,402 11,653 7,987 4,543 3,140 596 14
1986 1,732 867 -211 1.677 ~ 203,867 145,438 24,372 8,986 4,355 2,258 1,325 -57

Avers~e 4.320 9.789 39.903 69.141 87.706 71.046 50.366 30.331 12.903 3.552. 2.811 1.813
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71 Year Record-Wet YearsI Tot.el Outflow.from Delta (DVSB+DV6(~+RF91) (In’cubic feet per eecond)
Future Demand Level

Percent Difference [(Run 455 - Run 411)/Run 4111"100

1927 74% 54% -6% 183% 1463% 726% 1090% 430% 139% . 40% 47% 136%
1938" 29% 119% 663% 193% 1837% 3418% 1226% 940% 334% 117% .158% -15%
1941 69% 55% ¯ 378% 1064% 1252% 1165% 1253% 763% 167% 20% 165% 3%

I 1942 -8% 8% 649% .875% 2523% 408% 1145% 723% 152% 33% 227% -18%
1943 -6% 27% 179% 964% 1236% 1658% 575% 317% 135% 32% 66% 211%~
1952 48% 0% 452% 845% 807% 920% 1221% 1053% 321% 95% 158% 0%

¯ 1953 54%. 17% 502% 1281% 423% 245% 502% 494% 164% 23% 42% 69%

I 1956 61% 46% 878% 1730% 1157% 616% 417% 826% 167% 22% 50% -17%
1958 -8%’ 1% 99% 329%~ I 1708"/, 2512% 1811% 815% 289% 50% 103% -4%
1963 223% 4% 179% 101% I 1882% 496% 2186% 555% 147% 39% 17% 165%
1965 78% 8% 858% 1217% 407% 229% 1037% 346% 135% 39% 22% 141%
1967 61% 1% 320% 435% 671% 1332% 929% 920% 386% 20% 397% -2%

I 1969 67% 10% 51% 1231% 1451% 1220% 872% 920% 224% 189% 158% 28%
1970 92% 50% 650% 3127% 1870% 723% 291% 283% 137% 45% 80% 209%
1971 53% 87% 694% 469% 277%’ 512% 492% 616% 174% ~33% 20% 29%

¯ 1974 -14% ¯640% 774% 1477% 583% 2176% 1597% 409% 175% 25% 65% ~-6%

I 1975 -7% -2% 39% 87% 1404% 1836% 450% 588% 160% 21% 183% -10%
1982 100% 204% 1053% 892% 1085% 1388% 2538% 664% 150% 89%. 73% 79%
1983 316% 609% 1082% 2239% 5167% 7494% 2362% 1817% 1218% 424% 12% 262%
1984 607% 1680% 3910% . 2195% 993% ¯673% 370% 320% 133% 47% 9% 0%

I 19BB 76% 20% -3% I 23% 2398% 1916% 375% 250% 135% 34% 24% -2%
Average 94% 183% 638% i 997% 1457% 1508% : 1083% 669% 240% 68% I 103% i 60%
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71 Year Record-Dry Years
X2 Position (in Kilometers)
Existing Demand Level

Fisheries (Run 454)

1925 86.2 85.1~ 83.7 83.0 67.8 71.1 68.9 72.6 77.0 79.5 82.7 86.0
1926 84.7 84.7 84.1 81.8 70.9 74.0 70.6 74.0 79.6 80.2 82.9 85:9
1930 86.3 84.8 82.7 78.0 75.2 70.5 74.2 77.4 80.7 81.7 85.3 88,8
1932 89.1 87.4 81.7 80.2 74.5 75.0 75.3. 76.3 76.2 81.9 85.3 88.1
1939 76.0 73.8 74.6 74.0 72.8 75.5 76.0 78.6 81.0 80.8 83.6 86,6
1944 85.1 83.0 83.6 82.5 71.5 70.6 75.3 78.3 78.7 80.2 83.5 87.0
1947 84.7 84.2 82.5 82.0 76.;’ 73.6 74.8 78.2 81.0 80.4 82.7 85.7
1949 83.0 82.5 82.8 83.4 80.1 67.4 72.5 74.6 78.4 81.4 84.1 86,0
1955 84.5 82.6 76.4 75,4 75.3 78.4 78.3 78.2 79.1 79.8 82.5 84.9
1960 85.1 84.7 82.1 82.4 ’ 74.0 73.1 74.6 78.0 80.7 80.2 82.5 85,4
1961 85.0 83.8 81.8 82.2 73.6 73.5 75.4 78.4 81.0 80.3 82.6 86.1
1964 82.3 73.3 77.2 7i.3 74.0 77.1 78.9 79.4 80.7 80.3 82.3 85.4 "
1981 82.9 82.5 78.0 70.9 68.1 65.6 71.5 77.2 80.7 80.6 83.6 87.0
1985 82.0 70.1 67.9 73.2 72.7 72.8 76.3 76.6 80.5 80.2 82.7 86.0
1987 85.9 84.7 85.3 83.6 77.4 70.7 74.2 7871 81.0 80.6 82.4 86.4
1989 90.1 86.5 84.8 83.6 80:5 70.1 69.7 74.2 79.7 79.9 82.1 r 85,9

Avera~le 84.6 82.1 80.6 79.2 74.1 72.4 74.2 76.9 79.8 80.5 83.2 86,3

Baae ~Run 420)
YEAR OCT NOV DE~ JAN ~ MAR N=R MAY JUN JUL AUG
1,925 86.2 85.1 83.7 82.9 67.3 71.0 69.3 73.3 77.0 79.7 82.8 86,0
1926 84.7 84.7 84.2 81.0 69.8 74.0 71.0 74.0 ,79.6 80.5 83.0 86.1
1930 86.3 84.8 82.7 76.1 74.5 70.3 74.2 77.4 80.7 82.2 85.4 88.8
1932 89.1 87.4 81.0 78.6’ 73.9 74.8 75.2 76.7 76.3 81.9 85.4 88.1
1939 74.1 76,9 77.5 76.7 75.4 76.5 76.4 78.8 81~.0 80.9 83.7 86.7
1944 84.9 82.9 83.6 82.5 70.9 70.7 75.4 78.4 78.7 80.4 83.6 87.1
1947 85.8 84.5 82.4 82.1 76.6 73.6 74.8 78.2 81.0 80.7 82.3 85,8
1949 83.0 83,1 83.0 83.4 80.1 66.6 73.0 74.7 78.4 81 .,1 84.0 85.9
"J 955 86.3 81.7 74.5 73.0 74.5 78.1 78.~J 79.0 79.1 80.1 81.6 82.9
1960 85.1 84.1 81.7 82.7 73.2 72.9 74,5 78.1 80.8 80.6 81.9 85.3
1961 85.7 84.0 81.9 82.3 72.2 73.1 75.4 78.4 81.0 80.6 81.9 85,9
1964 80.5 71.0 ’ 78~6 72.3 74.3 77,2 79.0 79.6 80:8 80.6 81.9 84.8
1981 79.6 81.3 78.7 71.1 68.2 65.6 71.6 77.2 80.7 80.8 83.7 87.1
1985 78.8 68.7 ’ 68.6 73.5 72.8 72.8 77.0 76,8 80.6 80.6 82.2 85.9
1987 85.3 83.9 85.1 83.7 77.4 69.9 74.2 78.1 81.0 80.7 82.8 86.7
1989 90.1 86,6 84,8 83.6 80.5 69.3 69.7 74.2 79.7 80.2 81.8 85,8

Average 84.1 81.9 80.8 79.1 73.9 72.3 74.4 77.1 79.8 80.7 ¯ 83.0 86.2

Difference ’Run 454 - Run 420 )

1925 " 0.0 0.0 0.0 0.1 0.5 0.1 -0.4 -0.7 0.0 -0.2 -0.1 0.0
’1926 0.0 0.0 -0.1 " 0.8 1.1 0.0 -0.4 0.0 0.0 -0.3 -0.1 -0.2
1930 ¯ 0,0 0.0 0.0 1.9 0.7 0.2 0.0 0.0 0.0 -0.5 -0.1 0.0 ’
1932 0.0 0.0 0.7 1.6 0.6 0.2 0.1 -0.4 -0.1 0.0 -0.1 0.0
1939 1.9 -3.1 -2.9 -2.7 -2.6 -1.0 -0.4 -0.2 0.0 -0.1 -0.1 -0.1
1944 0.2 0.1 0.0 0.0 0.6 -0.1 -0.1 o0.1 0.0 -0.2 -0.1 -0.1
1947 -1.1 -0.3 0.1 -0.1 0.1 ¯ 0.0 0.0 0.0 0.0 -0.3’ 0,4 " -0.1
1949 0.0 -0.6 -0.2 0.0 0.0 0.8 -0.5 -0.1 0.0 0.3 0.1 0.1
1955 -1.8 0.9 1.9 2.4 0.8 0.3 -0.6 -0.8 0.0 -0.3 0.9 2.0
1960 O.0 0.6 0.4 -0.3 0.8 0.2 0.1 -0.1 -0.1 -0.4 0.6 0,1
1961 -0.7 -0.2 -0.1 -0.1 1.4 0.4 0.0 0.0 0.0 -0.3 0.7 0.2
1964 1.8 2.3 -1.4 -1.0 -0.3 -0.1 -0.1 -0.2 -0.1 -0.3 0.4 0.6
1981 3.3 1.2 -0.7 -0.2 -0.1 0.0 -0.1 0.0 0,0 °0.2 -0.1 -0.1
1985 3.2 1.4 -0.7 -0.3 -0.1 0.0 -0.7 -0.2 -0.1 -0.4 0.5 0.1
1987 0.6 0,8 0.2 -0.1 0.0 0.8 0.0 0.0 0.0 -0.1 -0.4 -0.3
1989 0.0 -0.1 0.0 0..0 0.0 0.8 0.0 0.0 0.0 -0.3 0.3 0.1

Average 0.5 0.2 -0.2 0.1 0.2 0.2 -0.2 -0.2 0.0 -0.2 0~,2 0.1
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71 Year Record-Below Normal Years
X2 Position (in Kilometers)
Existing Demand Level

Fisheries ~Run 454) " ~
~ OCT NOV ~ dAN ~ MA~ ~ MAY ~ JUL AI.X3
1923 83.0 78.7 67.5 64.6 ¯ 66.6 74.2 69.6 72.4 77.3 79.1 81.2 85.9
1935 90.2 85.6 84.2 74.6. 75,0 70.8 64.6 64.9 73.5 78.3 81.7 86.2,m.
1936 85.9 84.8 84.1 73.6 61,3 64.2 67.5 72.1 77.0 80.0 83.0 86.
1937 85.9 85.0 82.7 .81.6 69.0 62.9 66.5 71.0 74.1 79.2 83.4 88.1~
1945 ~ .85.0 83.3 81.9 82.0 66,3 66.2 71.6 74.5 , 76.6 80.0 83.3 87.3
1946 85.3 81.7 63.9 60.3 65,3 69.1 72.6 74.5 77.0 79.3 82.4 86.4
1948 84.3 83.9 83.3 82.3 77,6 76.3 70.7 67.2 72.5 75.4 80.0 83.,(B
1950 84.8 84.4 83.8 79,3 70.4 71.3 71.0 73.8 78.8 78.3 81.3 95.(~
1959 74.1 75.3 80.0 68.3 60,8 67.7 75.1 78.3 80.2 79.8 82.4 85.
1962 85.6 84.8 82.2 82.5 66.9 68.9 74.0 74.9 79.0 78.7 81.7 85.0
1966 83.9 75.9 79.2 69.8 67,9 68.5 72.5 74.6 78.9 79.3 81.1 84.~
1968 73.0 74.0 75.0 68.2 59.3 61.7 71.6 77.2 79.8 79.7 82.6 85.
1972 81.9 81.7 76.0 74.5 71,2 68.2 73.5 77.8 80.0 79.1 81.6 85.
1979 82.5 82.0 83.8 72.1 63,8 64.2 68.8 71.5 74.7 - 79.4 83.0 86.0

..,Avera~;e 83.2 81.5 79.1 73.8 67.2 68.2 70.7 73.2 77.0 79.0 82.1 85.6

Base ~Run 420)
..... ~ OCTI" NOV ~ JAN FE~ MAR N:R MAY dUN ~JL AUG

1923 78.6 75.8 67.3 65.1 66.9 73.3 69.8 73.2 77.3 78.9 81:4 85.7
1935 90.2 85.6 84.2 73.5 74.7 7C.7 64.8 64.9 73.5 77.7 81.6 87.4
1936 86.8 85.0 84.2 72.7 61.0 64.4 68.2 73.1 77.0 79.0 82.5 87.~
1937 87.3 : 85.5 82.6 81.4 68.3 62.7 87.0 72.5 ’ 74.5 79.3 83.4 ,98.
1945 85.0 83.3 80.2 81,5 66.6 66.3 72.6 75.5 76.6 80.0 83.5 87.3
1946 85.4 78.9 62.5 60.6 65.4 69.3 r73.6 74,8 77.0 79.3 82.2 86.4
1948 ¯ 84.8 83.9 83.3 82.3 77.6 76.3 71.4 67.7 72.7 77.3 80.0 82.~
1950 86. 1 84.9 84,4 77.4 69.3 70.9 71.3 74.0 76.8 78.7 80.4 84.
1959 73.9 75.3 80.O 68.4 60.9 67.9 75.2 78,4 80.2 80.0 82.6 85.
1962 86.2 85.0 82.3 82.5 66.5 68.7 74.5 75.0 79.1 79.4 81.5 84.9
1966 83.1 73.9 77.2 70.5 68.7 68.3 73.2 74.8 79.0 79.4 81.3 84.1m
1968 73.1 74.4" 75.2 68.1 59.3 61 .7 71 .6 77.2 79.8 80.0 82.8 85,
1972 79.3 80.4 75.3 76.0 71 .8 68.2 74.0 78.0 80.1 79.7 81.1 85.
1979 79.5 80.5 83.3 73.0 64.1 64.3 69.6 72.4 74.7 79.4 83.5 87.2

Average 82.8 80.9 78.7 73.8 67.2 68.1 71.2 73.7 77.0 79.2 82.0 85,[]

~lffsrence
Oct(Run 454 . Run 420)

1923 4.4 2.9 ~0.2 -0.5 -0.3 0.9 -0.2 -0.8 0.0 0.2 -0.2 0.2
1935 0.0 0.0 0.0 1.1 0.3 0.1 -0.2 0.0 0.0 0.6 0.1

~I
1936 -0.9 -0.2 -0.1 0.9 0,3 -0.2 -0.7 -1.0 0o0 1.0 0.5
1937 -1.4 -0.5 0.1 0.2 0.7 0.2 -0.5 -1.5 -0.4 ~.1 0.0
1945 0.0 0.0 1,7" 0.5 -0.3 -0.1 -1,0 -1.0 0.0 0.0 -0.2 0.0
1946 -0.1 2.8 1.4 -0.3 -0.1 -0.2 -1.0 -0.3 0.~ 0.0 0.2 0.~
1948 ~ -0.5 0.0 0.0 0.0 0,0 0.0 -0.7 -0.5 -0.2 :1.9 0.0
1950 -1~3 -0,5" -0.6 1.9 1,1 0.4 -0.3 -0.4 0.0 -0.4 0,9
1959 0.2 0.0 0.0 -0.1 -0.1 -0.2 -0.1 -0.1 0.0 -0,2 -0.2       0.0
1962~ -0.6 -0.2 -0.1 0.0 0,4 0.2 ~-0.5 -0.1 -0.1 -0.7 0.2 0.1
1966 0.8 2.0 2.0 -0.7 -0.8 0.2 -0.7 -0.2 -0.1 -0.1 -0.2
1968 -0.1 -0.4 -0.2 0.1 0,0 0.0 0.0 0.0 0.0 -0.3 -0.2
1972 2.6 1.3 0.7 -1,5 -0.6 0.0 -0.5 -0.2 -0.1 -0.6 0.5
1"979 3.0 1.5 0.5 -0.9 -0.3 -0.1"     -0,8 -0.9 0.0 0.0 -0.5 ol.2

Avsrage 0.4 0.6 0.4 0.0 0.0 0.1 -0.5 -0.5 -0.1 -0.2 0.1 0i

I
C--087621

C-087621



Year Record.Above Normat Years
Position (in Kilometers)

Existing Demand Level

Fisheries ~Run 454)

1922 ,82.9 84.1 82.1 79.2 66.6 64.8 67.2 62.0 65.1 74.7 80.9 86.2
1928 84,2 76.3 80.0 72.7 68°7 56.5 63.2 70,1 76,7 77.6 80,6 85.3
1940 85..7 84,7 83,7 74,6 64.7 55,5 55,4 66,9 75,7 78,0 81.4 86,4"
1951 83.4 68.0 58.0 56.3 55.6 62.2 69,1 70,4 76,8 77.0 80,2 84,6
1954 81.8 76.4 76.7 69.1 60.6 60.1 60,6 67,2 75,8 76,9 80,0 84,5
1957 78.5 80.6 82,7 79,2 68.0 63,0 68,9 71,3 76,3 76.7 79.2 84.6
1973 83.8 77,7 73,5 60.2 54.2 55.6 65,7 69,6 74,5 77,4 81,0 84.5
1978 90.3 88.1 83,4 64.9 59.1 56.2 59,3 66,5 74,5 77,7 81,9 83.6
1980 86,8 82.8 80.1 59.4 51,3 53.6 65,1 70,6 76,9 78.5 82,2 83,7

Avere~le 84.2 79.9 77.8 68.4 61,0 58.6 63.8 68.,3 74.7 77.2 80.8 ’ 84.6

Base (Run 420)
~ CCT NOV ~ JAN R~ MAR AOR      MAY JJ~ JUL AUG ~P
1922 82.9 84.1 80.5 77.1 " 66.4 65.0 67.9 62.5 64.5 74.4 80.9 85.9
1928 84.8 73.9 78,3 73.3 69.1 56.7 63.5 - 70.1 76.7 77.5 80.7 85.3
1940 85.7 84.7 83.7 73.6 63.3 54.6 55.3 66.9 75.7 76.8 80.1 85.4
1951 83.4 67.5 57.6 56.6 56.0 62.2 69.9 71.3 77.1 77.3 80.6 84.7
1954 78.1 73.9 ~79.3 70.3 61.0 60.1 60.9 67.2 75.8 76.8 80.2 84.5
1957 75.1 79.3 82.3 81.1 69.0 63.3 69.0 72.1 76.3 77.0 79.4 84.7
1973 83.9 75.7 ’71.5 ~59.7 54.3 55.9 66.5 70.5 74.5 77.7 81.2 84.9
1978 90.3 88.1 83,4 64.9 59,1 56.2 59.3 66.7 74,5 77.7 81.9 83.4
1980 87.2 80.0 76.3 56.4 51.0 53.5 65.4 71.6 77.2 78.6 82.2 83.2

Average 83,5 78,6 77,0 68,3 61.0 58.6 64.2 88.8 74.7 77.1 80.8 84,7

Difference (Run ~54 - Run 420)

1922 0.0 0.0 1.6 2.1 0,2 -0.2 -0.7 ~ -0.5 0.6 0.3 0.0 0.3
1928 -0.6 2.4 1.7 -0.6 -0.4 -0.2 -0.3 0.0 0.0 0.1 -0.1 0.0
1940 0.0 0.0 0.0 1.2 1.4 0.9 0.1 0.0 0.0 1.2 1.3 1.0
1951 0.0 0.5 0.4 -0.3 -0.4 0.0 -0.8 -0.9 -0,3 -0.3 -0.4 -0.1
1954 3.7 2.5 -2.6 -1.2 -0.4 0,0 -0.3 0.0 0.0 0.1 -0.2 0.0
1957 3.4 1.3 0.4 -1.9 -1.0 ~-0,3 -0.1 -0.8 0.0 -0.3 -0.2 -0.1
1973 -0.1 2.0 2.0 0.5 -0:1 -0.3 -0.8 -0.9 0.0 -0.3 -0.2 -0.4
1978 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.2 ’ 0.0 0.0 0.0 0.2
1980 -0.4 2.8 3.8 1.0 0.3 0.1 ’ -0.3 ;1.0 -0.3 -0.1 0.0 (~.5

Avere~le 0,7 1,3 0,8 0,1 0,0 0,0 -0,4 -0,5 0,0 0,1 0.0 0.2

C--087622
C-087622



71 Year Record-Wet Years
X2.Posltion (in Kilometers)
Existing Demand Level
Rsharlas ~Run 4541

1927 84.9 80.5 81.1 71.8 56.1 60.0 59.4 65.3 74.8 77.8 81.4 86.2
1938 87.3 75.2 61.5 63.0 51.9 47.2 52.6 55,0 60.6 73.2 79.8 ’ 81.4’
1941 85,4 84.1 68.5 56.4 51.3 51.1 52.4 58.3 69.5 76.1 80.8 82.7
1942, 79,1 74.4 61.6 , 55,7 49.4 60.8 59.0 61.2 67.6 75.5 80.6 83.1
1943 78.5 73,7 68.3 57,9 56.9 54.3 61.5 68.2 76.1 78.2 81.5 87.2
1952 84.3 82.,4 68.1 57.4 54.6 55.5 55.5 55.9 60.9 73.3 79.9 80.2
1953 73.6 74.3 64.6 55.0. 62.4 67.7 69.6 68.4 70.6 76.4. 80.9 82.6
1956 ~ 85.4 84.0 64.1 51.5 51.7 59.1 66.0 62,5 69.2 76.0 80.3 81.7
1958 82.5 81.6 74.8 66.6 52.3 49.5 50.0 57.1 62.3" "73.7 80.0 80.9
1963 72.3 78.0 71.7 73.4 61.0 64.4 55.8 62,1 72.9 77.2 80.6 83.2
1965 85.1 83.2 63.9 54.1 61.1 67.8 62.0 66.5 75.5 77.2 ~ 80.7 85.6
1967 84.7 83.0 69.9 62.7 58,6 57.6 . 58.2 59.0 61.1 71.8 79.4 80.1
1969 84.5 83.7 78,5 58.5 50.8 54.9 57.6 56.8 62.7 73.8 80.1 77.9
1970 71.7 72,5 62.2 . 48.8 50.7 58.5 69.7 75,3 78.4 78.0, 81.2 85.5
1971 84.7 77,7 63.0 60.1 64.7 61.1 67.2 65,9 71.4 76.7 80.1 81.8
1974 83.7 65.8 59.0 51.3 57.3 52.4 53.6 63,1 70.6 76.5 80.7 81.0
1975 78.9 76.4 75.2 76.0 62.0 55.5 63.6 63.9 69.3 76.0 80.4 81.5
1982 85.5 72.6 59.0 55,0 52.0 52.5 48.4 55.4 65.7 74.8 80.3 73.3
1983 67.3 61.8 55.0 51.4 45.9 41.6 46,8 50.7 52.8 60.0 71.5 67.7
1984 63.7 56.3 48.8 51.2 56.1 60.1 68.5 73.5 77.5 78.4 81.6 82.6
1986 85.6 84.7 82.1 79.5 54.1 48.4 58.6 69.0 76.4 76.3 81.5 85.6

Avare~le 80.4 76.5 66.7 59.9 55.3 56.2 5~..~ 62.5 68.9 75.2 80.2 81.7
Base IRun 420!

1927 85.0 77.8 80.0 71.1 56.1 59.6 59.5 65.8 74.8 77.8 81.4 87.1
1938 87.5 73.2 60.7 ~ 64.1 52.3 47.4 52-7 55.1 60~6 73.2 79.8 79.2
1941 86.2 84.0 68,4 56.6 51.4 51.4 52,5 ~ 58.4 . 69.6 76.1 80.8 82.6
1942 76.5 75.3 61,9 55.8 49.5 60.8 59,3 61.6 67.8 75.5 80.6 82.6
1843 75.7 73.0 68.3 57.9 56.9 54,3 61.9 68.2 76.1 78.2 81.5 87.2
1952 84.3 81,4 66.9 56.9 54.9 55.8 55.7 56,0 60.8 73.2 79.9 77.1
1953 .73.5 74.7 64.9 55.1 62.4 67.8 70.0 68.9 70.7 76.5 80.9 82.5
1956 85.8 84.1 63.7 51.5 , 51.9 59.9 6~ 9 63.1 69.4 76.1 79.8 81.3
1958 79.9 78.5 73.2 67.0 52.5 49.6 5C’.0 57.4 61.9 73.6 80.0 77.9
1963 71.4 74.6 71.2 76.1 61.7 64.6 5.~ 9 62.6 72.9 77.2 80.7 83.0
1965 86.4 83.0 63.5 i 53.9 61.7 68.5 62.5 66,6 75.5 77.3 81.2 85.8
1967 85.4 82.7 69.2 62.2 59.0 57.7 58.4 59.2 60.9 71.7 79.4 77.7
1969 84.5 83.4 76.4 57.8 50.9 54.9 57.7 56.8 62.7 73.8 80~1 75.5
1970 71.9 72.5 62.3 48.9 50.7 58.6 69.7 76.2 78.7 78.6 81.6 85.6
1971 84.7 75.8 62.0 60.3 65.1 61.6 67.8 66.4 71.5 76.8 80.2 81.9

¯1974 83.5 65.1 58.6 51.4 57.4 52.3 53.8 63,7 70.8 76.5 80.9 77.7
1975 75.3 77.1 77.6, 76.8 62.1 55.5 64.2 64.5 69.5 76.1 80.2 80.7
1982 85.6 71.7 58.4 55.0 52.4 52.7 48.5 55.4 65.7 ¯ 74.8 80.3 74.3
1983 67.2 61.8 55.0 51.4 45.9 41.6 46.8 50.7 52.8 60.0 71.5 67.7
1984 63.7 56.3 48.8 51.2 56.1 60.1 69.2 74.5 77.5 78.7 81.7 82.6
1986 85.4 , 84,2 81.8 77.6 53,4 48.3 59.0 70.2 76.8 78.5 81.6 8~i.3

Avera~le 80.0 75.7 66~3 59.9 55.4 56.3 59.1 62.9 68.9 75.2 80.2 80.7
Difference , ~Run 454 - Run 420)

1927 -0.1 2.7 1.1 0.7 0.0 0.4 -0.1 -0,5 i 0.0 0.0 0.0 ¯ -0.9
1938 -0.2 2.0 0,8 -1.1 -0.4 -0.2 -0.1 -0,1 0.0 0.0 0.0 2.2
1941 ~0.8 0.1 0.1 -0.2 -0,1 -0.3 -0.1 -0,1 -0.1 0.0 0.0 0.1
1942 2.6 -0.9 -0.3 -0.1 -0.1 0.0 -0.3 -0,4 -0.2 0.0 0.0 ’ 0.5
1943 2.8 0.7 0.0 ’ 0.0 0,0 0.0 -0.4 0.0 0.0 0.0 0.0 0.0
1952 0,0 1.0 1,2 0,5. -0.3 -0.3 -0.2 o0,1 0.1 0.1 0.0 3.1
1953 0.1 -0.4 -0.3 -0.1 0.0 -0.1 -0.4 -0,5 -0.1 -0.1 0.0 0.1
1956 -0.4 -0.1 0,4 0.0 -0.2 , -0.8 -0.9 -0,6 -0.2 .0.1 0.5 0.4
1958 ~.6 3.1 1.6 -0.4 -0.2 -0.1 0.0 -0,3 0.4 0.1 0.0 3.0
1963 0.9 3.4 0.5 -2.7 -0.7 -0.2 -0.1 -0,5 0.0 0.0 -0.1 0.2
1965 -1.3 0.2 0.4 0.2 -0.6 -0.7 -0,5 -0.1 0~0 -0.1 -0.5 -0.2
1967 -0.7 0.3 0,7 0.5 -0.4 -0.1 -0,2 -0.2 0.2 0.1 0.0 2.4
1969 0.0 0.3 2.1 0.7 -0.1 0.0 -0.1 0.0 0,0 ’0.0 0.0 2.4
1970 -0.2 0.0 -0.1 -0.! 0.0 -0.1 0.0 -0,9 -0.3 -0.6 -0.4 -0.1
1971 0.0 1.9 1.0 -0.2 -0.4 -0.5 -0.6 -0.5 -0.1 -0.1 -0.1 -0.1
1974 0.2 0.7 0.4 -0.1 -0.1 0.1 -0.2 -0.6 -0.2 0.0 -0.2 3.3
1975 3.6 -0,7 -2.4 -0.8 -0.1 0.0 -0,6 -0.6 -0.2 -0.1 0.2 0.8
1982 -0.1 0.9 0.6 0.0 -0,4 -0.2 -0.1 0.0 0.0 0.0 0.0 2.0
1983 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0, ) 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0 0.0 ¯ 0.0 -0.7 -1.0 0.0 -0.3 -0.1 0.0
1986 0.2 0.5 0.3 1.9 0.7 0.1 -0.4 ol .2 -0.4 -0.2 -0.1 0.3

Avera~le 0.4 0.7 0.4 -0.1 -0.2 -0.1 -0.3 -0.4 -0.1 -0.1 0.0 0.9

C--087623
C-087623





"/1 Year Record-Dry Years
X2 Position (in Kilometers)
Future Demand" Level

Fisheries (Run 455

1925 86.9 85.4 83.8 83.0 67.8 71.4 88.9 72.5 77.0 80.5 84.0 88.8
1926 85.9 85.1 83.1 81.7 71,2 74.0 70.3 74.0 79.6 80.7 82.2 84.1
1930 86,7 85.5 82.6 77,5 74,9 70.6 74.2 77.4 80,7 83.4 85.8 88.9
1932 90,2 87.8 8i .8 80.5 74,9 75.2 75,3 76,7 76.3 82.0 85.4 88.0
1939 76,0 79.6 81.2 78.4 77,2 77.2 76,6 78.8 81.0 80.8 81,5 84.2
1944 86.0 83.6 81.4 81.4 73,0 72.3 75,4 "78.2 78.7 80.5 81,7 86.4
1947 86,7 84.8 82.6 82.0 76.7 73.7 74,8 78.2 81.0 81.1 81,7 85.1
!949 83,4 83,6 81.7 82.9 79,7 66.9 72.2 74,5 78.4 81.5 85,2 86.2
1955 85,6 ,83.1 76.3 75.8 75,4 78.7 78.1 78.0 79.1 80,5 81.4 85.0
1960 85,8 84.3 82.9 82.8 74,0, 73.7 74,7 78.0 80.7 80.4 82,0 83.4
1961 86,0 83,7 81.8 81.9 74,5 73.7 75,4 78.4 81.0 81.2 82.3 87.8
1964 82,4 74,3 79.6 74.6 75,1 78.1 78.9 79.3 80.7 80.7 82.3 83.7
1981 83,8 83,3 82.1 78.0 72,1 68.1 72.4 77.4 80.8 80.6 81.7 83.5
1985 82,2 71,5 ¯ 69.6 74.8 74,9 75.4 77.1 76,9 80.6 80.3 82,1 82.9
1987 86,5 ’ 86,1 82.5 82.0 77.0 71.5 74.2 78,1 81.0 81.0 85.0 87.7
1989 90,1 86.6 85.0 83.6 80,5 70.2 69.6 74,2 79.7 80.9 81.6 85.6

Average 85.3 83.0 81.1 80.1 74.9 73.2 74.3 76.9 79.8 81.0 82.9 85".6

Base ~Run 411)
~ OCT NOV ~ JAN FEB MAR ~ MAY JUN JUL AUG
1925 86,9 85~4 83,8 83.0 67.6 71.3 69.3 73.2 77,0 79,6 84.6 87.2
1926 87,2 85.6 84,4 81:5 70.2 74,0 70.7 74.0 79,6 80,2 81.7 83.8
1930 86,7 85.9 82,8 75.8 74.4 70,4 74.2 77.4 80,7 81,4 85.2 88.7
1932 89.7 87,6 81,1 79.5 74.6 75,0 75.3 76.7 76,3 81,9 85.4 88.0
1939 75.6 77,5 80,7~ 80.7 77.6 77,3 76.6 78.9 81,0 80.7 81.9 85.6
1944 86.4 83,4 82,4 81.6 72,.2 72,0 75.4 78.4 78.7 80,0 82.5 86.9
1947 87.3 85,0 82,4 82.4 76.6 73.7 74.8 78.3 81.0 80.7 82.0 86,3
1949 84.0 83,2 82,8 83.2 79.8 66.3 72.8 74.6 78.4 i 80.0 84.7 87.0
1955 86.4 83,1 74,7 73.4 74.7 78.7 78.7 78.8 79.1 80.1 81.7 85.3
1960 85.8 84.3 83,3 82.9 73.0 73.3 74.6 78.2 80.8 80.6 81.8 83.8
1961 86.1 83.8 81,8 81.9 73.8 73.5 75.4 78.4 81.0 80.7 82.5 87.9
1964 81.2 72.2 78,9 73.4 74,7 78.1 79.3 79.7 80.8 80.6 81.9 84.7
1981 81.3 82.2 81,8 76.3 71.5 68,4 73.1 77.7 80.8 80.6 81.9 84.7
1985 79.4 69.6 69,0 77.7 76.2 75.9 77.3 76.9 80.6 80.6 81.8 83.8
1987 86.4 85.7 83,2 82.3 77.1 71.5 74.2 78.1 81.0 81.2 85.1 88.7
1989 90.1 86.6 85,0 , 83.6

. 80.5

69.3 69.6 74.2 79.7 ¯80.1 81.7 85.6

Average,, 85.0 82.6 81.1 80.0 74.7 73.0 74.5 77.1 79.8 80.6 82.9 86.1

Difference
ocr~RUn 455- Run 411)D1~

1925 0.0 0.0 0.0 0,0 0,2 0.1 -0.4 -0.7 0.0 0.9 -0.6 -0.4
1926 -1.3 ~0.5 -1.3 0,2 1,0 ’0.0 -0.4 0,0 0.0 0.5 0.5 0.3
1930 0.0 -0.4 -0.2 1.7 0,5 0.2 0,0 0.0 0.0 2.0 0.6 0.2
1932 0.5 0.2 0.7, 1.0 0.3 0.2 0.0 0,0 0.0 0.1 0.0 0.0
1939 0.2 2.1 0.5 -2.3 -0.4 -0.1 0.0 -0.1 0,0 0.1 -0.4 -1.4
1944 -0.4 0.2 -1.0 -0.2 0,8 ,0.3 0.0 -0.2 0.0 0.5 -0.8 -0.5
1947 -0,6 -0.2 0.2 -0.4 0,1 0.0 0.0 -0.1 0.0 0.4 -0.3 -1.2
1949 -0.6 0.4 -1.1 -0~3 -0.1 0,6 -0.6 -0.1 0,0, 1.5 0.5 -0.8
1955 -0.8 0.0 1.6 2.4 0,7 0,0 -0.6 -0.8 0,0 0,4 -0.3 -0.3
1960 0,0 0.0 -0.4 -0.1 1.0 0,4 0.1 -0.2, -0.1 -0.2 0.2 -0.4
!961 -0.1 -0.1 0.0 0.0 0.7 0,2 0.0 0.0 0.0 0,5 -0.2 -0.1
1964 1,2 2.1 0.7 1.2 i 0.4 0.0 -0.4 -0.4 -0.1 0.1 0.4 -1.0
1981 2,5 1.1 0.3 1.7 0.6 -0.3 -0.7 -0.3 0.0 ~0,0 -0.2 -1.2
1985 2,8 1,9 0.6 -2.9 -1.3 -0.5 -0.2 0.0 0.0 -0.3 0.3 -0.9
1987 ,0.1 0,4 -0.7 -0.3 -0,1 0.0 0.0 0.0 0.0 -0.2 -0.1 -1.0
1989 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.8 -0.I 0.0

Averege 0,2 0,4 0,0 0.1 0.3 0.1 -0.2 -0.2 0~0 ~4 0.0 -0.5

I
C--08 7 6 2 -

C-087625



71 Year Record-Below Normal Years
X2 Posit|on (in Kltometers)
Future Demand Level

Fisheries )

YEAR O~. NOV ~ JAN FE~ MAR ~ MAY JUN JUL AUG
1923 84.2 80.5 70.1 66.4 70.2 74.9 69.6 72.4 77.3 79.4 81.8 83.2
1935 90.2 85.4 84.1 74.8 75.1 70.9 64.7 64.9 73.5 78.0 80.7 83.3
1936 85.6 84.6 83.7 73.2 61.6 65.0 67.6 72.1 77.0 78.6 81.1 82.7
1937 85.7 84.5 84.2 81.8 69.1 63.6 66.6 71.5 74.2 78.7 81.0 85.0
1945 85.0 83.1 81.7 82.0 67.7 68.1 71.7 74.5 76.6 79.8 " 82;9 87.0
1946 85.3 82~5 64.9 61.3 65.4 69.7 72.7 74.5 77.0 80.1 81.9 86.2
1948 84.0 83.7 83.8 82.1 77.5 76.5 71.2 67.8 73.1 77.0 80.0 82.6
1950 86.0 84.8 84.4 79.3 70.4 71.5 70.9 73.9 76.8 79.8 81.0 83.4
1959 77.8 80.3 82.2 69.8 61.5 67.7 75.1 78.3 80.2 79.9 80.4 82.9
1962 87.4 85.3 82.3 82.5 66.9 69.0 72.9 74.5 78.9 79.4 80.2 84.4

¯. 1966 84.8 76.2 79.1 71.4 68.6 69.6 72.6 74.6 79.0 79.2 80.3 82.4
1968 77.7 77.0 77.1 69.2 59.8 62.1 71.5 77.2 79.8 79.6 80.5 82.9
1972 83.0 82.3 80.6 80.6 73~1 68.5 73.6 77.9 80.0 79.3 80.5 83.0
1979 83.9 83.0 82.5 75.6 66.7 65.3 68.8 71.6 74.7 77.9 80.0 83.1

Avera~je 84.3 82.4 80.1 75.0 68.1 68.7 70.7 .... 73.3 77.0 79~1 80.9 83.~

1923 ~84.1 77.5 69.1 66.5 70.3 74.9 70.1 73.3 77.3 78.6 80.7 83.3
1935 90.2 85.4 84.1 73.7 74.8 70.8 64.9 65.0 73.5 77.6 80.2 85.1
1936 86.2 84.4 83.7 72.3 61.1 65.0 68.2 73.1 77.0 78.7 80.6 83.9
1937 86.1 84.6 64.4 81.7 68.5 62.9 67.0 72.6 74.5 78.0 83.0 88.0
1945 86.1 82.4 79.8 81.4 67.3 67.9 72.4 ~75~4 76.6 78.7 83.2 87.9
1946 87.4 80.7 63.5 60.9 "65.4 " 69.5 73.6 74.8 77.0 78.7 82.0 87.5
1948 84.8 83’.9 83.3 82.3 77.6 76.5 71.6 68.1 73.2 77.4 80.1 81.9
1950 87.2 85.2 84.5 77.2 69.1 71.1 71.3 74.0 76.8 78.6 80.4 83.2
1959 77.2 79.9 82.1 69.9 62.0 67.9 75.2 78.4 80.2 79.8 80.8 83.3
1962 87.4 85.0 82.3 82.5 66.6 68.9 73.6 74.7 79.0 79.4" 81.1 85.9
1966 84.9 74.4 76.9 70.7 69.1 69.9 73.4 74.8 79.0 79.4 80.6 84.3
1968 74.7 77.2 79.6 70.7 60.3 62.2 71.6 77.2 79.8 79.6 80.8 83.5
1972 82.8 82.1 77.8 79.6 73.3 68.5 74.0 78.0 80.1 79.7 80.7 83.1
1979 84.3 83.0 83.1 74.5 65.4 65.3 69.5 72.5 74.7 78.0 80.3 86.3

Avera~le 84.5 81.8 79.6 74.6 67.9 68.7 71.2 73.7 77.1 78.7., 81.0 84.8

Dlftorence (Run 455 - Run 411
YF_AR CCT NOV DEC JAN FEB MAR APR MAY .... JUN J~. .... AUG SEP
1923 O.1 3.0 1.0 -0.1 -0.1 0.0 -0.5 -O.9 0;0 0.6 1.1 -0.1
.1935 0.0 0.0 0.0 1.1 0.3 0.1 -0.2 .-0~1 0.0 0.4 0.5 -1.8
1936 -0.6 0.2 0.0 0.9 0.5 0.0 -0.6 -1.0 0.0 -0.1 0.5 -1.2
1937 -0.4 -0.1 -0.2 0.1 0.6 0.7 -0.4 -1.1 -0.3 0.7 -2.0 -3.0
1945 -1.1 0.7 1.9 0.6 0.4 0.2 -0.7 -0;9 0.0 ’ 1.1 -0.3 -0.9
1946 -2.1 1.8 1.4 0.4 0.0 0.2 -0.9 -0.3 0.0 1.4 -0.1 -1.3
1948 -0.8 -0.2 0.5 -0.2 -0.1 0.0 -0.4 -0.3 o0.1 -0.4 -0.1 0.7
1950 -1.2 -~.a, -0.1 2.1 1.3 0.4 -0.4 -0.1 0.0 1.2 0.6 0.2
1959 0.6 0.4 0.1 -0.1 -0.5 -0.2 -0.1 -0.1 0.0 0.1 -0.4 -0.4
1962 0.0 0.3 0.0 0.0 0.3 0.1 -0.7 -0.2 -0.1 0.0 -0.9 .-1.5
1966 -0.1 1.8 2.2 0.7 -0.5 -0.3 -0.8 -0.2 0.0 -0.2 -0.3 -1.9
1968 3.0 -0.2 ’-2.5 -1.5 -0.5 -0.1 -0.1 0.0 0.0 0.0 -0.3 -0.6
1972 0.2 0.2 2.8 1.0 -0.2 0.0 -0.4 -0.1 -0.1 -0.4 -0.2 -0.1
1979 -0.4 0.0 -0.6 1.1 1.3 0.0 -0.7 -0.9 0.0 -0.1 -0.3 -3.2

Avora~le -0.2 0.5 0.6 0.4 0.2 0.1 "0.6 -0.4 ..0.0 0.3 -0.2 -1.1

)
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71 Year Record-Above Normal Years
X2 Position (In Kilometers)
Future Demand Level

Fleherles (Run 455)
~ (3CT NOV ~ JAN ~ MAR .N=R MAY JUN JUL .aLIG ~P
1922 82.9 84.1 81.6 79.0 66.3 65.0 67.1 61.9 65.5 74.8 79.0 84.0
1928 86.1 " 78.5 80.7 76.1 71 ~1 57.7 63.4 70.1 76.7 78.5 78.8 84.0
1940 86.2 84.9 83.1 74.0 64.9= 55.5 55.4 66.9 75.7 77.3 80.1 82.4
1951 84.3 68.2 57.1 56.0 55.5 - 62.3 69.1 70:1 76.7 ,76.8 79.0 81.9
t954 83.1 80.3 81.6 74.0 62.4 60.6 60.7 67.2 75.7 77.3 78.5 82.4
1957 81.0 81,5 83.7 61.8 69~8 63.6 68.8 71.3 ~ 76.3 76.6 79.1 81.7
1973 85.0 77.9 74.0 60.8 54.4 55.7 65.7 69.7 74.5 76.5 78.8 83.3
1978 ’ 90.3 87.9 83.4 65.4 59.1 57.0 59.5 66.4 74.0 77.6 , 79.8 84".2
.1980 85.9 83.5 80.0 60.8 51.9 53,9 65.0 70.4 76.8 77.5 79.7 85.7

Avere~le 85.0 80.8 78.4 69.8 61.7 59.0 63.9 68.2 74.7 77.0 79.2 83.3

Base Run 411)
YEAR OCT NOV Dl~ ’ JAN FI~ MAR .N:R MAY JUN JUL AUG ~P
1922 82.9 84.1 79.3 76.6 66.2 65.3 67,8 62.3, 64.5 73.7 80.2 86.1
1928 86.4 76.1 ’ ’78.6 73.9 70.8 57.7 63.8 70.1 76.7 77.1 79.3 86.8
1940 86.7 85.0 83.2 73.0 64.2 54.9 55.4 66.9 75.7 76.8 79.1 83.7
1951 84.4 68.2 57.5 56.6 55.8 62.5 69.9 70.9 77.0 77.2 ~ 79.1 82.4
1954 83.3 7,7.4 80.6 73.0 62.3 60.9 61.0 67.2 75.8 76.8 78.9 84.8
1957 77.2 80.0 83.2 82.0 69.8 64.0 69.0 72.0 76.3 77.0 78.9 82,3
1973 85,1 76.3 72.1 60.0 54.3 55.7 "66.3 70.6. 74.5 76.4 79.1 84.7
1978 90.3 87.9 83.4 .~, 65.2 59.0 57.0 59.8 67.3 74.3 77.3 81.8 86.0[]
1980 86.9 82.2 77.2 59.4 51.5 53.9 65.8 71.5 77.2 77.7 79.6 85.4

Average 84.8 79.7 77.2 68.9 61.5 59.1 64.3 68.8 74.7 76.7 79.6 84’.7

DIffer~nce IRun 455 - Run 411

1922 0.0 0.0 2.3 2.4 0.1 ~0.3 -0.7 -0.4 1.0 1.1     -1~2 -2.1
1928 -0.3 2.4 2.1 2.2 0.3 0.0 -0.4 0.0 0.0 1.4 -0.5 -2.8
1940 -0.5 -0.1 -0.1 1.0 0.7 0.6 0.0 0.0 0.0 0.5 ’ 1.0 -1.3
1951 -0.1 0.0 -0.4 -0.6 -0.3 -0.2 -0.8 -0.8 -0.3 -0.4 -0.1 -0.5
1954 -0.2 2.9 1.0 1.0 0.1 -0.3 -0.3 0.0 -0.1 0.5 -0.4 -2.4
1957 3.8 1.5 0.5 -0.2 0.0 -0.4 °0.2 -0.7 .0.0 -0.4 0.2 -0.6
1973 -0.1 1.6 1.9 0.8 0.1 0.0 -0.6 -0.9 0.0 0.1 -0.3 -1.4
1978 0.0 0.0 0.0 0.2 0.1 0.0 °0.3 -0,9 -0,3 0.3 -2.0 ol .8
1980, -1.0 1.3 2.8 1,4 0.4 0.0 -0.8 -1.1 -0.4 -0.2 0.1 0.3

Averege 0.2 1.1 1.1 0.9 0.2 -0.1 -0.5 -0.5 0.0 0.3 -0.4 -1.4~

I
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i
71 Year Record-Critical Years
Sacramento River Flow at Freeport River Flow (Regulat~l) (in cubic feet per eecon.d)
Existing Demand Level

I

Fisheries
~ ~ NOV ~ JAN F~ MAR APR MAY JJN Jill AUG ~P
192.4 13,034 11,544 16,354 15,805 15,271 15,898 7,464 7,895 10,285 15,008 10,175 7,301
1929 12,129 12,075 14,465 12,551 15,361 14,130 8,787 9,278 14,195 16,843 9,647 7,847
1931 8,158 7,808 10,849 12,873 11,099 10,035 9,829 6,497 10,026 13,602 6,110 6,783
1933 8,446 8,460 I 9,735 14,414 13,420 11,651 12,100 7,628 .14,322 11,240 5,958 7,344
1934 7,430 6,564 13,733 17,189 13,569 17,199 12,810 8,365 13,641 10,551 6,074 6,808
1976 22,319 20,477 15,624 13,395 19,051 15,023 9,471 9,664 14,609 13,411 8,159 7,657
1977 ’ 8,124 9,542 14,313 15,968 12,943 10,235 8,476 6,073 7,055 8,793 6,207 6,509
1988 10,732 9,913 15,984 25,075 17’,054 12,196 8,790 8,970 14,260 14,904 10,162 7,860
1990 8,651 7,505 14,283 17,202 15,178 11,049 12,250 7,540 14,583 17,226 11,003 7,561
1991 6,480 8,575 11,397 10,631 13,759 2E,554 13,744 7,314 ’12,613 15,716 10,008 8,200
1992 6,670 7,330 11,294 11,479 28,251 19,058 12,590 8,382 14,153 15,822 9,300 7,653

Avera~le 10,198 9,981 13,457 15,144 15,905 15,003 10,574 7,964 12,704 13,920 8,437 7,411

Base

¯ 1924 3,496 2,940 7,066 7,345 4,020 2,992 1,396 1,494 2,183 673 109 1,765
1929 2,874 4,049 6,795 5,461 4,230 3,219 1,528 1,611 2,859 . 2,068 589 2,226
1931 2.233 3,257 3,100 5,’818 3,191 2,135 1,587 1,263 1,27! 442 219 1,234
1933 1,761 1,589 2,728 7,151 3,504 4,531 1,339 1,747 2,660 657 303 1,874
1934 1,594 2,152 5,450 . 7,279 3,119 2,886 1,835 1,501 2,185 544 109 1,711
1976 6,652 6,672 6,325 4,455 4,862 3,437 1,543 1,635 .2,232 497 1,175 1,701
1977 2,547 ¯ 1,397 6,563 6,664 3,464 653 686 1,012 332 2 2 851
1988 1,028 1,596 6,689 7,044 5,627 2,369 1,484 1,557 2,888 1,848 225 1,803
1990 2,510 1,151 3,306 7,026 3,047 2,234 1,815 1,403 1,532 506 415 1,333
1991 1,141 961 1,694 1,882 2,251 6,670 1,895 1,437 1,424 648 183 1,662
1992 1,644 1,221 1,927 3,494 7,506 3,882 1,789 1,506 2,900 1,221 305 2,437

Avera~le 2,498 2,453 4,695 6,784 4,075 3,183 1,536 1,470 2,042 828 330 1,691

Difference Run 454 - Run 420)
YEAR OC~ NOV ~ JAN FI~ MAR APR MAY JUN JUL ,N.fG SEP
1924 9,538 8,604 9,288 8,460 11,251 12,906 6,068 6,401 8,102 14,335 10,066 5,536
1929 9,255 8,026 7,670 7,090 11,131 10,911 7,259 7,667 11,336 14,775 9,058 5,621
1931 5,925 ¯ 4,551 7,749 7,055 7,908 7,900 8,242 5,234 8,755 13,160 5,891 5,549
1933 6,695 6,871 7,007 7,263 9,916 7,120 10,761 5,881 11,662 10,583 5,655 5,470
1934 5,836 4,412 8,283 9,910 10,450 14,313 10,975 6,864 11,456 10,007 5,965 5,097
1976 15,667 13,805 9,299 8,943 14,189 11,586 7,928 8,029 12,377 12,914 6,984 5,956
1977 5,577 8,145 7,750 9,304 9,479 9,582 7,790 5,061 6,723 8,791 6,205 5,658
1988 9,704 8,317 9,295 18,031 11,427 9,827 7,306 7,413 11,372 13,056 9,937 6,057
1990 6,141 6,354 10,977 ’10,176 12,131 8,815 10,435 6,137 13,051 16,720 10,588 6,228
1991 5,339 7,614 9,703 8,749 11,508 21,884 .11,849 5,877 11,189 15,068 9,825 6,538
1992 5,026 6,109 ~9,367 7,985 20,745 15,176 10,801 6,876 11,253 14,601 8,995 5,216

Averl~le 7,699 7,528 8,763 9,361 11,830 11,820 9,038 6,495 10,661 13,092 8,106 5,721

Percent Difference Run 454 - Run 420’ "100

1924 273% 293% 131% 115% 280% 431% 435% 428% 371% 2130% 9235% 314%
1929 322% 196% 113% 130% 263% 339% 475% 475% 397% 714% 1638% 253%
1931 285% 140% 250% 121% 246% 370% S19% 414% 689% 2977% 2690% 450%
1933 3~0% *432% . 257% 102% 283% 157% 804% 337% 438% 1611% 1866% .292%
1934 366% 205% 152% 136% 335% 496% 598% 457% 524% 1840% 5472% 298%
1976 236% 207% 147% 201% 292% 337% 514% 491% 555% 2598% 594% 350%
1977 219% 583% 118% 140% 274% 1467% 1136% 500% 2025% 439550% 310250% 665%
~988 944% 521% 139% 256% 203% 415% 492% 476% 394% 706%

~ 4416% 336%
1990 245% 552% 332% 145% 398% 395% 575% 437% 852% 3304% 2551% 467%
1991 468% 792% 573% 465% 511% 328% 625% 409% 786% 2325% ¯ 5369% 393%
1992 306% 500% 486% 229% 276% 39!% 604% 457% 388% 1196% 2949% 214%

Average 366% 402% 245% 185% 306% 466% 616% 444% 674% 41723% 31539% 366%

I
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71 Year Record-Below Normal Years
Sacramento River Flow at Freeport River Flow (Regulated) (in cubic feet per second)
Existing Demand Level |Fisheries ......

1923 20.401    20.158 32.529 29.936 22,006 11.275 22.537 14,306 15.455 20.331 17.287 10.398_
1935 7,012 11.460 11.871 25.114 14.471 22.470 20.470 30.985 16.606 18.886 15.315 10,3841
1936 11,928 ¯ 11,025 11.605 28.507 38.537 33,192 19.175 13.395 15.241 17.632 13.662 10,243~
1937 12,379 10,528 14.738 12,954 31,237 ¯ 37.310 20.992 14,379 19,174 14,529 11,628 8,729
1945 13’,904 13.839 16.255 "13,074 44.365 26.866 . 11,823 12.450 17,932 16.394 13,021 9,835
1946 13,112 19,869 58.155 42.827 24.786 20,978 12.043 13,015 17,281 19.468 14.449- 10.411
1948 14,291 11,643 12.949 15.811 16.525 14,623 22,773 30,518 20.583 27,148 17,267 12;674~
1950 13.952 10,935 12.084 19.534 33.851 21,344 17,676 13,785 17.366 23.452 16,074 11,400"
1959 22,814 17,188 12.563 37,039 50,709 20,584 9,678 10,048 14,476 21,433. 14,296 11,398
1962 12,478 10,593 !6,233 12.125 41,918 24.120 11,120 14,186 14,989 24,941. 15,365
1966 15,504 25.948 15,546 28.754 26,032 26,551 13,059 14.142 14,464 ~21,235 17,403
1968 23,545 17,983 16,175 28.229 61,379 34.431 10.986 9,795 14,465 21,025 13,455 11o36~11
1972 19.169 16,451. 22.360 18.238 25,328 32,275 " 11,257 9,787 ’ 14,225 24,047 15.334 10,182
1979 18.296 15.858 10,623 25.053 40,292 30,623 16.639 15,506 19,842 16,714 13,192

11,054~ ~

Average 15.625 15.248 18.835 24.085 33.674 25,474 15,731 15,450 16,579 20,517 14.839 10.771lll
;ale ~Run 420! ,

1923 6.652 6.672 7,417 5.303 485 3.048 3,856 3.133 3,270 5,974 3.493 1,791,
1935 1.354 3,678. 2.681 7.534 3.167 6,056 4,048 4.178 3.620 5,619 3.807 . 2,0439
1936 2,952 2,547 3,247 7,634 8,500 7,254 3,591 3.035 3.245 4,319 3.003 1,908
1937 2.347 2.140 7,052 6,872 8.500 7.592~ 4,014 3.351 1.443 890 1,882 1,755
1945 2,510 6,672 7,159 7.058 7,942 4.05I 2,940 2.528 3.739 2,071 2,348 1,685E
1946 4.093 6.672 ’ 7.260 7.739 3.230 4.650 2.941 2,681 3,519 5,315 3,244 1,767~
1948 3,277 3.655 3.491 6.717 3.223 3.~11 3,286 3,854 4.133 6,684 6,554 5,758
1950 2,730 2,820 2.476 7.338 7.441 _ 4,~44 2.964 2.699 3.505 6.684 5,495’ 2,062
1959 6.652 3,709 3,532 3.147 3.657 3.249 1,883 1,965 2.968 3,973 2.521 2,298~
1962 1,912 2.808 6,373 3.392 ?.934 6.128 2.096 2.461 2,968 6,684 4.246 2.205~
1966 6.652 6.672 7~296 7.979 5.805 4,228 2.536 2.433 2.966 5,963 2.990 1,968u

1968 4,968 3.372 2.615 2.207 2.759 3.249 2.340 1.937 2.968 3,697 2.434 2,008
1972 6.652 6.672 7,003 5.202 4.542 5.081 2.312 1.967 2,944 6,684 4.989 2.33!~
1979 ’ 6,652 6,672 2.717 6.331 3.589 3,749 3,302 3.256 " 3,157 993 2.085

2.27~

Average 4.243 4.626 5.023 6.032’ 5.055 4.706 3.008 2.820 3.175 4.682 3.507 2.277
Oiff,r,nc,

(~(Run 454 - Run 420~D~

1923 13.749 13.486 25.112 24,633 21.521 8,227 18.681 11,173 12,185 14,357 13.794 . 8,607~
1935 5.658 7.782 9.19~0 17.580 11,304 16.414 16.422 26.807 12.986 13,267 " 11,508 8~341
1936 8,976 8,478 8;358 20.873 30,037 25.938 15,584 10.360 11,996 13,313 10,659 8,335~
1937 10.032 8.388 7.686 6.082 22.737 29.718 16.978 11.028 17.731 13.639 9.746 8.974~
1945 1i.394 7.167 9.096 6.016 36.423 22.815 8.883 9.922 14.193 14.323 10.673 8.15C~l
1946 9.019 13.197 50.895 35.088 21,556 16.328 9,102 10,334 ¯ 13.762 14,153 11,205 8,630
1948 11,014 7,988 9,458 9,094 13,302 11.612 19.487 26.664 16,450 20,464 10.713 6,915.L
1950 11,222 8.115 9.608 12,196 26.410 16.800 14,712 11,086 13,861 16,768 10,579 9,331~’
1959 16.162 13.479 9,031 33.892 47,052 17,335 7.795 8,083 11,508 17,460 11,775 9,10(~
1962 10,566 7,785 9,860 8,733 33,984’ 17,992 9,024 11,725 12,021 18,257 11.119 9,266
1966 8.852 19.276 8.250 20.775 20.227 22.323 10.523 11.709 11.498 15.272 14.413 9.373
1968 18.577 14.611 13.560 26.022 58.620 31.182 8.646 ’ 7.858 11.497 17.328 11.021 9.36I
1972 12.517 9.779 15.357 13.036 20.766 27.194 8.945 7.820 11.281 17.363 10.345 7.85~:
1979 11.644 9.186 7.906 .18.722 36.703 26.874 13.337 12.250 16.685 15.721 11.107 8.775--

Avere~le 11.384 10.623 13.812 18.053 28.619 20.768 12.723 12 630 13,404 15.835 ¯ 1~ 3:2~j 8.50~
Percent Difference |~Run 454 - Run 420’/Run 420|’100

1923 207% 202% 339% 465% 4437% 270% 484% 357% 373% 240% 395% 481%
1935 418% ~ 212% 343% 233% 357% 271% 406% 842% 369% 236% 302% 408eA~-i t
1936 304% 333% 257% 273% 353% 358% 434% 341% 370% 308% 355% 437I
1937 427% 392% 109% 89% 267% 391% 423% 329% 1229% 1632% 518% 397"~!m~,

1945 454% 107% 127% 85% 459% 563% 302% 392% 380% 692% 455% 484%
1946 220% 198% 701% 453% 667% 351% 309% 385% 391% 266% 345% 483~alll
1948 336% 219% 271% 135% 413% 386% 893% 692% 398% 306% 163% 120~!m,
1950 411% 288% 388% 166% 355% 370% 495% 411% 395% 251% 193% 453~I
1959 243% 363% 256% 1077% 1287% 534% ,414% 411% 388% 439% 467% 398%
1962 553% 277% 155% 257% 428% ~ 294% 431% 478% ’ 405% 273% 262%
1966 133% 289% 113% 280% 348% 52.8% - 415% 481% 388% 256% ’482%* 47811
1968 374% 433%~ 519% 1179% 2125% 060% 369% 406% 387% 469% 453% 465~!~~

1972 188% 147% 219% 251% 458% ~ 539% 387% 398% 383% 280% 207% 337%
1979 175% 138% 291% 296% 1023% 717% 404% 376% 529% 1583% 533% ~ 385%

Avere|le 317% ; 257% 292% 373% 927% ’ 466% ¯ 419% 436% 455% t 508% 366%
I 4101~
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i
71 Year Record-Above Normal Years

i Sacramento River Flow at Freeport River Flow (Regulated) (in cubic feet per eecond)
¯ Existing Demand Level

Fisheries (Run 454)

1922 10.067 10.243 15.447 16.764 35.899 29.686 21.029 46.055 33.543 15.067 10.526 9.883
1928 14.868 26.678 15.226 24.291 26.608 88.293 27.042 15.920 15.796 21.583 15.771 11.014
1940 12.600 11.134 12.560 23.855 40.251 59.962 39.755 15.878 15.472 19.278 14.376 10.062
1951 16.299 43.127 59.070 58.194 60.212 29.014 14.312 18.263 .15.369 23.921 16.407 11.394
1954 20,539 24.743 16,529 32.135 57,774 47,537 41.007 20,313 15,531 22.837 16,481 11.414
1957 20.947 16.316 11,881 15,674 38,076 42,687 16,352, 15,591 16,365 24,277 18,847 10,783
1973 15,641 22,459 27,438 47.796 71.664 45.792 16.912 17,832 18.851 19,710 14.500 11,878
1975 6.628 7,063 15,429 44.847 50.421 49.380 37.669 1~’,631 14,216 13,312 10,740 13,416
1980 10,599 17,105 19.210 69.302 69,056 35,876 16,642 13,875 12,716 13,509 10.987 13,516

Avere~le 14,243 19,874 21,421 36,984 49,996 47,581 25,636 20,373 17,S40 19,277 14,293 11,454

Base IRun 4201
YEAR I CCT NOV []~ JAN , R~ MAR APR MAY J.IN JUL ~UG Si~
1922 2.369 2.652 7.21 i 7.918 8.500 5.065 4.001 4.377 6.672 311 307 1.847
1926 5.215 6.672 7.103 7.545 4.469 4.228 3.687 2.926 3.161 3.661 2.759 1.652
1940 1.740 2~048 3.160 7.477 7.821 7.254 4.048 3.419 3.164 6.684 4.242 1.981
1951 4.671 6.672 7.592 8.500 6.593 4.363 3.121 3.488 3.154 6.004 3.252 1.945

.1954 6.652 6.672 6.424 5.434 3.819 4.349 3,687 3.390 3.132 4.682 3.143 2.053
1957 6.652 6.509 3.506 7.164 6.131 4.375 2.903 2.793 3.38i 6.644 3.294 1.893
1973 3.763 6.672 6.990 7.344 8.079 5.734 3.386 3~465 3.907 3.467 2.827 2.662
1978 1.404 1.334 6.584 3.949 1.516 2.846 2.863 2.630 2.017 453 303 3.564
1980 3.460 6.672 7.071 8.500 4.321 ° 3.255 2.887 3.386 1.551 307 703 5.790

Average 3,994 5,100 6,182 7,092 $,694 4,608 3,398 3,319 3,349 3,579 2,314 .2,599

)lfference Run 454 - Run 420

1922 7,698 7.591 8.236 8,846 27.399 24,621 17.028 41,678 26.871 14,756 10,219 8,036
1928 9.653 20.006 8.123 16.746 22.139 84.065 23.355 12,994 12.635 17,922 13.012 9,~62
1940 10.860 9.086 9.400 16.378 32.430 52.708 35.707 12.459 12.308 12.594 10.134 8.081
1951 11.628" 36.455 51.478 49.694 53.6;19 24.651 11.191 14.775 12.215 17.917 13.155 9.449
1954 13.887 18.071 10.105 2.6.701 53.955 43.188 37.320 16.923 12.399 18.155 13.338 9.361
1957 14.295 9.807 8.375 8.510 31.945 38.312 13.449 12.798 12.984 17.633 15.553 8.890
1973 11.858 15.787 20.448 40.452 63.585 40.058 13.526 14.367 14.944 16.243 11.673 9.216
1978 5.224 5.729 8.845 40.898 48.905 46.534 34.806 17.001 12.199 12.859 10.43~; 9.852
1980 7.139 10.433 12.139 60.802 64.735 32.621 13.755 10.489 11.165 13.202 10.284 7.72~6

),vere(,le 10,249 14,774 15,239 29,892 44,301 42,973 22,237 17,054 14,191 15,698 11,978 8,886

Percent Difference ~(Run 454 - Run 420)/Run =420~’100

1922 325% 286% 114% 112% 322% 486% 426% 952% 403% 4746% 3329% 435%
1928 185% 300% 114% 222% 495% 1988% 633% 444% 400% 490% 472% 567%
1940 624% 444% 297% 219% 416% 727% 882% 364% 389% 188% 239% 408%
1951 249% 546% 678% 585% 813% 569% 359% 424% 387% 298% 40S% 486%
1954 209% 271% 157% 491% 1413% 993% 1012% 499% 396% 388% 424% 458%
1957 215% 151% 235% 119% 521% 876% 463% 498% 384% 266% 472% 470%
1973 313% 237% 293% 551% 787% 599% 399% 415% 382% 469% 413% 346%
1978 372% 429% 134% 1036% 3226% 1635% 1216% 846% 605% 2839% $445% 278%
1980 206% 156% 172% 715% 1498% 1002% 475% 210% 720% 4300% 1463% 133%

Avere(,;e 300% 313% 244% 450% 1055% 997% 552% 501% 452% 1554% 1185% 397%

C--087632
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I
71 Year Record-Wet Years "
Sacramento River Flow at Freeport River Flow (Regulated) (in cubic feet per second)
Existing Demand Level |
Fisheries fRu,.n 454) I

1927 13,315 20.705 15,688 31,202 71,081 38,076 45;968 24,267 15,408 16,421 13,750 10,276
1938 10,743 31,008 58.222 30,78.1 81,652 77,641 46,028 54,986 32,939 13,527 11,241 17,631
1941 12,906 12,105 34,212 72,609 74,485 57,181 42,340 39,486 19,539 13,665 10,.954 14,518 I
1942 22,067 21,101 65,494 63,181 79,077. 23,987 44,096 36,372 26,443 14,963 11,006 13,510
1943 21,569 23,556 30,088 57,144 51,816 63,524 27,911 17,172 15,383 17,152 12,853 9,446
1952 13,817 ’16,448 47.342 66,163 64,256 56,067 57,566 60,752 38,553 ¯ 17,255 12,128 20,134
1953 23,364 17,513 43,756 64,069 26,157 21,585 18,213 25,631 28,975 17,387 12,977 14,787 I1956 12,522 12,461 30,317 77,995 68,684 34,601 18,590 41,361 21,943 17,315 14,543 16,677
1958 19,944 18,745 26,186 36,378 64,536 93~877 52,539 41,227 35,563’ 15,547 .13,305 19,998
1963 29.499 20.913 28.055 15.997 51.91.3 30.283 68.830 29.281 ~15.6,~3 18.370 14.560 ,14.053
1965 12.875 14.466 35.650 79.759 32.996 20.131 45.025 22.313 15.200 21.365 14.263 10.306 I1967 13,482 14,431 40,098 35,032 42,955 52,468 36;491 45,174 40,192 15,166 12,454 19,477
1969 14,046 12,391 22,814 74,564 67,092 43,847 43,156 44,408 24,949 12,586 11,400 23,591
1970 21.824 t8.757 51.680 91.518 56.216 33.273 11.427 10.289 14.738 21.422 13.922 10.872
1971 13.738 22.518 60.245 47.464 28.666 50.665 19.323 31.190 22.755 18.890 15.493 16.643 ¯
1974 15.176 57.452 60.495 78.775 42.015 97.768 36.823 24.438 21.148 16.585 14.053 21.601
1975 22.708 17,805 17,880 16,032 61,624 74,092 21,533 32,214 24,876 18,859 14,333 17,946
1982 12,931 34,206 71,542 53,074 70,537 62.008 78,803 35,744 22,540 15,018 13,803 23,120
1983 29,962 40,150 58,263 57,238 82,606 87,187 64,475 56,196 51,139 23,362 15,542 24,375 ¯
1984 2.7.488 64,594 ~ 85,103 45,529 38.969 33,026 14,103 12,536 14,867 19,694 13,267 15,606 ¯
1986 12T575 10~776 ,16~539 18~731 107T734 67~673 19v089 11~015 12~418, 15~923 12~607 10T851

Average 17.930 23.910 42.841 53.059~ 60.24! .53.284 38.778 33.144 24.439 17.165 13.260 16.43,9
Base

I
1927 2,457 ’ 6,672 6,933 7,117 7.910 4,447 4,048 4,023 .2,677 1,049 2,187 1,952
1938 3,108 6,672 7,090 8,123 5,189 3,888 3,312 4,063 5,653 307 305 6,588
1941 2,361 3,766 7,192 8,221 8.500 7,542 3,954 3,736 3,977 307 303 5,038
1942 6,652 6 672 3,459 3,089 3,453 3,376 3,965 4,377 6,658 31~1 307 6,010
1943 6,652 6,672 4,194 3,228 3,702 3.408 3,946 2,343 2,288 866 1,822 1,458
1952 2,620 6,672 7,043 8,500 8,278 5,305 3,808 4,236 5,248 3,851 955 6,588
1953 5,723 3,618 3,427 2,284 2,745 ~ 3,249 2,973 3,745 5,946 311 622 4,285 []
1956 ~,603 3,769 7,040 8,500 8,500 7,254 3,793 4,377 5,406 1,967 3,150 6,588 I1958 6,652 6,672 7,111 7,582 4,852 5,512 4,704 4,690 6,165 1,288 2,442 6,588
1963 6,652 6,672 7,005 ’ 7,234 2,013 6,281 4,050 4,178 3,536 2,445 2,700 3,861
1965 ~ 2,183 6,358 7,047 8,500 7,821 5,380 4,274 4,699 3,167 4,737 . 3,241 1;995 ¯
1967 2,618 6,672 7,265 7,687 7,836 3,205 4,194 4,063 5,653 . 6,173 1,194 6,588 I1969 2,606 4,788’ 6,988 8,144 8,166 3,103 3,277 3,824 4,996 1,973 382 6,588
1970 6,652 3,618 3,166 3,058 2,745 3,249 3,000 2,353 3,141 2,677 2,307 1,859
1971 2,596 6,672 7,150 7,389 4,742 6,870 3,057 3,851 4,513 3,650 3,264 5,649
1974 6,652 6,672 7,091 7,815 4,093 4,281 4,274 4,458 4,432 2,330 2,181 6,588 I1975 6,652 6,672 6,752 3,464 3,941 4,349 4,134 4,377" 5,835 1,185 3,057 6,588
1982 1,928 6,672 6,956 7.786 8,500 4,365 4,906 5,713 6,672 3,985 3,390 6,588
1983 6,652 4,029 3,676 2,983 3,020 2,514 3,234 2,207 3,075 3,193 5,445 3,734 Bias
1984 2,687 2,361 1,969 1,759 2,499 3,112 3,136 2,552 3,342 1,624 2,11"7 6,034 ¯
1.,986 2v281 4~427 7~059 7~181 8~500 7~592 6,234 ’ 3~597 2.~698 860 1~791 3~416

Averege 4.237 5,562 5.982 6.174 8.572 4.680 3,918 3,870 4,528 2,147 2,055 4.9~0
Difference (Run 454 - Run 420)

1927 10.858 14.033 8.755 . 24.085 63.171 33.629 41.920 20.244 12.731 15.372 11.563 8.324
1938 7.635 24.336 51.132 22.658 76.463 73.753 42.716 50.923 27.286 .13.220 10.936 11.043
1941 10.545 8.339 27.020 64.388 65.985 49.639 38.386 35.730 15.562 13.358 10.651 9.480
1942 15.415 14.429 62.036 60.092 75.624 20.611 40.131 31.995 19.785 14.652 10.699 7.500
1943 14.917 16.884 25.894 53.916 48.114 60.116 23.965 14.829 13.095 16.286 11.031 7.988
1952 11.197 9.776 40.299 57.663 55.978 50.761 53.758 56.516 33.305 13.404 11.173 13.546
1953 17.641 13.895 40.329 61.785 23.412 18.336 15.240 21.886 21.029 17.076 12.355 10.502
1956 9.919 8.692 23.277 69.495 60.184 27.347 r 14.797 36.984 16.537 15.348 11.393 10.089

. 1958 13.292 12.073 19.075 28.795 59.684 88.365 ~. 47.835 36.537 29.398 14.259 10.863 13.410
1963 22.847 14.241 21.050 8.763 49.900 24.002 64.780 25.103 12.107 15.925 11.860 10.192
1965 10.692 8.108 28.603 71.259 25.175 14.751 40.751 17.614 12.033 16.628 11.022 8.311
1967 10.844 7.759 32.833 28.345 35.119 49.263 34.297 41.111 34.539 8.993 11.260 12.889
1969 11.440 7.603 15.826 66.420 ’ 58.926 40.744 39.879 40.784 19.953 10.613 11.018 17.003
1970 15.172 15.139 48.514 88.460 53.471 30.024 8.427 7.936 11.597 18.745 11.615 8.813
1971 11.142 15.846 53.095 40.075 23.924 43.795 16.266 27.339 18.242 15.240 12.229 10.994
1974 8.524 50.780 53.404 70.960 37.922 93.487 32.549 19.980 16.716 14.255 11.872 15.013

1975 16,056 11,133 11,128 !2,568 57,683 69,743 17,399 27,837 19,041 17,674 11,276 11,358
1982 11,003 27,534 64,586 45,288 62,037 57,643 73,897 30,031 15,868 11,033 10,413 16,532
1983 23,310 36.121 54,587 54,255 79;586 84,673 61,241 53,989 48,064 20,169 10,097 20,641
1984 24.801 62.233 83.134 43.770 36.470 29.914 10.967 9.984 11.525 18.070 11.150 9.572
1986 10,294 .. 6,349 9.480 11.550 99,234 60,081 12,8.5.5- 7,418 9,720 15,063 10,816 7,435

Avera~le 13,693 18,348 36,860 46,885 54,670 48,604 34,860 29,275 19,911 15,,018 11,204 11,459
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71 ’/ear Record-Wet "/ears
Sacramento River Flow at Freeport River Flow (Regulated) (It, cubic feet par aecond)
Existing Demand Level

Percent Difference Run 454 Run 420 "100
YEAR C~C’T NOV ~ JAN R~ MAR APR MAY JUN JUL AUG
1927 442% 210% 126% 338% 799% 766% 1036% 503% 476% 1465% 529% 428%
1938 246% 365% . 721% 279% 1474% 1897% 1290% 1253% 483% .4306% 3586% 168%
1941 447% 221% 376% 783% 776% 658%. 971% 956% 391% 4361% 3515% 168%
1942 232% 216% 1794% 1945% 2190% .611% 1012% 731% 297% 4,711%. 3485% 125%
1943 224% 253% 617% 1670% 1300% 1764% 607% 633% 572% 1881% 605% 548%
1952 427% 147% 572% 678% 676% 957% 1412% 1334% 635% 348% 1170% 206%
1953 308% 384% 1177% 2705% 853% 564% 513% 684% 354% 8491% 1886% 248%
1956 381% 231% 331% 818% 708% 377% 390% 845% 306% 780% 362% 183%
1958 200% 181% 268% 380% 1230% 1603% 1017% .779% 477% 1107% 445% 204%
1963 343% 213% 300% 121% 247~)% 382% 1600% 601% 342% 651% 439% ¯ 264%
1965 490% 128% 406% 838% 322% 274% 953% 375% 380% 351% 340% 417%
1967 414% 116% 452% 369% 448% 1537% 818% 1012% 611% 146% 943% 196%
1969 439% 159% 226% 816% 722% 1313% 1217% 1125% 399% 538% 2884% 268%
1970 228% 418% 1532% 2893% 1948% 924% 281% 337% 369% 700% 503% 474%
1971 429% 238% 743% 542% 505% 637% 532% 710% 404% 418% 375% 19S%
1974 128% 761% 753% 908% 927% 2184% 762% 448% 377% 612% 544% 228%
1975 241% 167% 165% 363% 1464% 1604% 421% 636% 326% 1491% 369% 172%
1982 571% 413% 928% 582% 730% 1321% 1506% 526% 238% 277% 307% 251%
1963 350% 897% 1485%1819%2635%3368%1894%2446%1563% 632% 185% 553%
1964 923% 2636%4222%2485%1459% 961% 350% 391% 345% 1113% 527% 159%
1986 451% 143%    ’134% 161%    1167% 791% 206% 206% 360% 1752% 604% 218%

Avera~le 377% 405% 825% 1024% 118~1% 1166% 895% 783% 462% 1577% 1129% 269%
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71 Year Roc~rtl-Below Norma! Years
Sacramento River Flow st Freeport River Flow (Regulated) (in cubic feet per second)
Future Demand Level
Fisheries ~Run 455)

1923 13,640 19.738 29.671 30.033 16.902 13.609 22,893 14,239 15.809 . 19,339 15.826 15,372
1935 6,942 11.660 11.872 24.156 14,489 21,918 19,787 31,050 17.054 20,007 17,621 14,283
1936 11.328 11,236 12,476 28.8,79 36.136 31.628 19,550 13.364 15,627 22,308 16.961 1.6.130
1937 10,545 11,504 11,268 13.100 31,041 36,090 21,217 13.412 20,656 18,900 17,553 11,491
1945 ’ 13,429 14.510 16.104 12.951 36.007 22.185 12,738 12.494 18.249 17,922 13,592 10.016
1946 13,027 16.824 51,840 42,327 25.927 19,531 12,021 12.999 17,613 17,333 16,372 10,461
1948 14,697 11,878 11,645 17,974 16,596 14,201 21,002 28,906 20.196 23,490 19,260 15,429
1950 12,320 10,937 11.223 19.222 34,053 20.645 17,772 13,752 17,973 18,084 18,110 14,216
1959 22.175 17,123 12,709 37.852 51.015 21,930 9,493 10,144 14,882 20.938 20,480 14,209
1962 9,493 10,846 16.421 11,926 .41,027 23,551 12,267 14,312 15,388 21,399 20,796 11,685
1966 12,795 25.341 15,672 27,368 26,193 23,984 13.282 14,265 14,872 22,176 20,686 16.056
1968 22,925 18,185 16.484 28,798 61,739 34,126 11,124 9.897 14,845 21,490 19,930 14,840
1972 15.608 15,656 19,137 17,673 ~ 25.598 32.241 11.401 9,895 14,617 22,894 19,873 14,594
1979 14,651 13.900 14,606 21,343 35.306 29,988 17,322 15,258 20.353 21,995 20,382 14.193

Avere~le 13,827 14,953 17,938’ 23,829 32,288 24,688 15,848 15,285 17,010 20,591 18,389 13,783

1923 6.012 6,672 7,496 8,500 4.172 2,907 3,903 3,098 3,339 6,684 5,692 1,567
1935 1,257 4.016 2.901 7,599 3,176 5.977 4,048 4,150 3,698 6,684 6,554 1.674
1936 3,050 3,139 3,943 . 7.667 8.500 7.155 3,625 3.004 3.312 6,684 6,554 1,668
1937 2,297 2.693 3,942 7.289 8.500 7,592 4,025 3.295 4.826 6.346°. 1,853 1,676
1945 2,520 6.672 7,172 6.978 6,497 3,956 3,026 2,502 3,788 3,621 986 1,689
1946 4.360 6.672 7,287 7.739 i 3,180 4.435 2,946 2,646 3,575 6,684 1.534 1,913
1948 3.474 3.558 3.463 6.’~74 3.225 2.929 3,222 3.831 4,062 6,684 6,554 4.585
1950 2.642 2.880 2.570 7,397 7.441 4,216 2.976 2.418 3,578 6.684 4,998 1,592
1959 6,652 6,672 4.025 7.691 7.555 3.895 1,871 1,942 3,033 6,684 4.088 2,348
1962 1,815 3,546 6,593 3.376 8,048 5.928 2,474 2.437 3.034 6.684 2,091 2.294
1966 5,644 6,672 7,312 7.990 6.886 4.937 2.555 2.402 3.027 6,684 3,087 1.854
1968 6,652 6,672 7,100 6.588 4.556 4.001 2,345 1.913 3,026 6,684 4.123 1.889
1972 6,652 ~6,472 7,030 7,374 4.831 4,347 2.132 1,942 3,005 6,684 .5,372 2,278
1979 6.652 6,599 4,386 7.853 ~ 8.500 6.703 3,371 3.203 4,138 6,684 4.973 2,159

Avera~le 4,263 5,210 5,373 7,201 6,076 4,927 3,037 2,770 3,532 6,441 4,176 2,085
Dlffer, nc,

Oc~Run 465 - Run 411~1~
1923 7,628 13,066 22.175 21.533 12,730 10.702 18.990 11.141 12,470 12,655 10,134 13,805
1935 5,685 7,644 8,971 16,557 11,318 15,941 15.739 26,900 13,356 13,823 11,067 12,589
1936 8,278 8,097 8.533 21,212 27.636 24,473 15.925 10,360 12,315 15,624 10,407 14,462
1937~ 8.248 8,811 7,326 5.811 22.541 28.498 17.192 10,117 15,830 12,554 15,700 9,815
1945 10.909 7,838 8,932 5,973 29.510 18,229 9,712 . 9,992 14;461 14,301 12,606 8,327
1946 8,667 10,152 44.553 34,588 22,747 15,096 9,075 10,353 14,038 10,649 14,838 8,548
1948 11,223 8,320 8.182 11,200 13;371 11.272 17.780 25,075 16,134 16,806 12,706 10,844
1950 9,678 6,057 ~ 8,653 11.825 26.612 16,429 14.796 11,334 14.395 11,400 13,112 12,624
1959 15,523 10,451 8,684 30,161 43.460 18,035 7,622 8,202 11,849 14,254 - 16,392 11,861
1962 7,678 7,300 9,828 8,550 32,979 17,623 9,793 ~11,875 12,354 14,715 18,705 9,391
1966 7,151 18,669 8,360 19,378 19.307 19,047 10,727 11,863 11,845 15,492 17.599 14,202
1968 16.273 11,513 9,384 22,210 57.183 30.125 8,779 7,984 11,819 14,806 15.807 12,951
1972 8,956 9,184 12,~107 1~).299 20.767 27,894 9,269 7,953 11,612 16,210 14,501 12,316
1979 7,999 7,301 10,220 13,490 26,806 23,285 13,951 12,055 16,215 15,311 15,409 12,034

Avera~e 9,564 9,743 12,565 " 16,828 26,212 19,781 12,811 1;..b’;5 13,478 14,150 14,213 11,698
Percent Difference |lRun 455 Run 411 /Run 411]’100

1,923 127% 196% 208% 2.% 306% I 368% I 487% 360% 373% 189% 178% 88~%
1935 462% 100% 309% 218% 368% I 287% I 369% 848% 361% 199% 189% 7525,
1936 271% 258% 216% 277% 325% i 342% i 439% $46% 372% 234% 159% 8875,
1937 389% 327% 188% 80% 266% I 376% J 427% $07% 328% 198% 847% 6855,
1945 433%, 117% 125% 86% 454% J 461% J 321% 599% 382% 895% 1278% 4935,
1946 1¯99% 152% 611% 447% 715% J 340% I 308% 391% 393% 159% 987% 447_%
1948 323% 234% 236% 165% 415% I 385% J 652% 6S5% 397% 251% 194% 237%
1950 366% 280% 337% 160% 358% ~ 390% I 497% 469% 402% 171% 262% 793%
1959 233% 157% 216% 392% 575% ~ 463% I 407% 422% 391% 213% 401% .505%
1962 423% 208% 149% 253% 410% ~ 297% I 396% 487% 407% 220% 895%
1966 127% 280% 114% 248% 280% J 886% I

420% 404% 391% 232% 570% 788%

1968 245% 173% "132% 387% 1255% ~ 753% I 374% 417% 891% 222% 383% 688%
1972 135% 142% 172% 140% 430% J 642% I 435% 410% 386% 243% 270% 541%
1979 120% 111% 233% 172% 315% ~r 347% I 414% 376% ’$92% 229% 310% 557%

Avere~le 272% 202% 238% 230% 461% ~ 415% I 419% ’ 441% i 383% 225% 492% 609%
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71 Year Record-Above Normal Years
¯ ~cramento River Flow at Freeport River Flow (ReguliCed) (in cubic feet per a .ec.ond)

i Future Demand Level

Fisheries 455)
YF-.hFI OCT NOV CEC JAN FE~ MAR N=R MAY JUN JUL AUG
1922 10,054 10,193 16,242 16,813 35,917 28,653 21,005 46,646 33,391 15,466 16,599 12,000
1928 10,576 23,758 15,535 23,088 24,166 82,937 27,234 16,138 16,116 18,914 21,729 11,927
1940 10,893 11,032 13,795 24,459 37,771 62,717 39,618 15,971 15,907 21,391 16,877 16,014
1951 13,634 43,872 68,521 58,162 60,320 26,035 14,379 19,122 16,733 24,552 20,155 16,608
1954 15,646 21,051 15,041 29,279 58,257 47,976 41,420 20,696 15,597 21,635 21,646 14,357
1957 18,466 16,251 10,607 14,574 38,724 42,980 18,825 18,674 16,7t5 26,197 19,124 17,204
1973 11,853 22,111 26,394 45,702 70,235 46,117 16,981 17,492 19,231 22,466 20,298 12,789
1978 6,613 7,389 15,068 461008 50,511 43,248 38,263 19,124 14,132 16,875 17,160 12,~150
1980 10,823 14,207 19,087 55,476 69,255 35,241 16,641 14,351 13,111 21,548 18,218 10,222

Avera~le 12,050 16,674 22,254 34,640 49,462 46,468 26,863 20,665 17,604 " 20,896 19,112 13,697

!
Base

1922 2,325 2.746 7.257 7.950 8,500 5.718 4.030 4,336 6,672 6,684 3,291 1,965
1928 3.329 6.672 7.108 7.551 6.163 7,064 3.687 2,904 3,222 6.684 1,511 1.915
1940 1.723 1,960 3.806 7..586 7.821 7,254 4,048 r 3,393 3,237 6,684 6,554 1,459
1951 4.946" 6.672 7.592 ¯ 8.500 - 4.161 4,451 3,131 3,531 3,217 6,684 6,343 1,847
1954 6.102 6.672 5.631 7.303 7.441 6;362 3.687 ~ 3,364 3.191 6,684 3.099 2.077
1957 6.652 6.370 2.445 5.915 7.725 6.552 2.938 2,774 3.428 6.684 6.554 1.863
1973 3,964 6.672 6.996 7.393 7.446 4.413 3,399 3.402 3.980 6,684 . 5.181 2.614
1978 1.330 1.614 6.988 6.894 1.517 4.644 4,838 4,532 3,638 5,463 1,739 1,791
1980 3,537 6.672 7,104 8.500 8.500 4,942 3,795 3,387 3,219 6,684 6.346 3.672

Average 3.768 5,119 6,103 7,510 6,586 5,711 3,728 3,514 3,756 8,548 4,513 2,133

i                                                                                                                                 ~’

D|fferenco (Run 456 - Run 411

1922 7.729 7.447 8,985 8,863 27,417 23.135 16,975 42,310 26,719 8,782 13,308 10,035
1928 7,247 17,086 8.427 15,537 18.003 75,873 23,547 13,234 12,894 12,230 20,218 10.0i2
19,40 9.160 9.052 9,989 16.873 29.950 $5,463 35.770 12,578 12.670 14.707 10,323 14,555
1951 8,686 37,200 60.929 49.662 56,159 23,584 11.248 15,591 12,516 17,968 13,812 14.761
1954 9,444 14.379 9,410 21,976 50.816 41,614 37,733 17.232 12,706 14,851 18,747 12.280
1957 11,814 = 9,881 8,159 8,659 30,999 36.428 13,887 12,900 13,287 18,513 12,570 15,351
1973 7,889 16,439 19,396 38.309 62.789 41.704 13,582 14,090 15,251 15,802 15,117 10,175
1978 5.283 5.775 6.082 39.114 48.994 38,604 33,425 14,592 10,494 11,412~ 15,421 10,359
1980 7,286 7,535 11,983 46,976 60,755 30,299 13,046 10,964 9,892 14,864 11,872

i’ Avera~le 8,282 i3,755 16,151 27,330 42,876 40,745 22,135 17,055 14,048 14,348    14,599 11,564

I
Percent Difference Run 455 - Run 411 ’100

. 1922 332% 271% 124% 111% 323% 405% 421% 070% 400% 131% 404% $11%
1928 218% 256% 119% 206% 292% 1074% 639% 456% 400% 183% 1338% 623%
1940 532% 457% 262% .222% 383% 765% 884% 371% 391% 220% 188% 998%
1951 176% . 558% 803% 584% 1350% 630% 369% 442% 389% ¯ 269% ~ 218% 799%
1954 165% 216% 167% 301% 683% 654% 1023% 612% 398% 222% 606% 691%
1957 178% 155% 333% 146% 401% 666% 473% 465% 388% 277% 192% 828%
1973 199% 231% 277% 518% 843% 945% 400% 414% 883% 236% 292% 389%
1978

~
397% ¯ 358% 116% 567% 3230% 831% 691% 322% 288% 209% 887% 578%

1980 206% 113% 169% 653% 716% 613% 344% 324% 307% 222% 187% 178%

Avora~e 266% 291% 263% 357% 913% ~708% 581% 476% 372% 219% 476% 600%

C--087638
(3-087638



71 Year Record-Wet Years
Sacramento River Flow at Freeport River Flow (Regulated) (in cubic feet per second)
Future Demand Level
Fisheries IRun 455) "

~ OCT NOV DB~ JAN FE~ MAR ~=R MAY JUN JUL AUG ~
1927 11.828 21.736 15.275 29.344 75.964 42.498 46.687 24.042 15.9! 1 22.838 20~675 11.899
1938 10.617 26.385 43.915 27.398 74.922 78.047 46.215 54.521 32.184 13.080 12.629 15.047
1941 9.994 12.908 28.224 68.457 74.431 57.327 42.783 39.478 19.479 17.735 17.419 12.128
1942 16.873 19.888 61.929 63.279 79.293 23.337 45.702 36.400 25.720 18.135 17.727 11.772
1943 17.386 20.012 27.879 57.485 52.014 63,865 28.431 17.109 15.580 21.183 20.688 12.556
1952 10.514 15.582 46.421 ’ 60.932 64.346 56.262 57.781 60.487 38.369 16.730 11.783 19.546
1953 22.758 17.765 44.667 64.150° 26.175 21.505 19.090 25.555 26.675 20.197 21.579 15.307
1855 11.171 12.786 27.801 75.899 68.961 34.122 19.071 41.245 21.322 19.216 17.296 15.133
1958 18.249 17.916 26.153 36.996 ’ 57.518 94.251 53.179 41.041 35.119 14.864 14.383 "17.607
1963 25.461 20.380 28.105 16.257 56.570 30.624 69.616 29.066 16.022 22.168 19.245 14.873
1965 9.872 14.744 32.727 79.889 33.068 19.361 46.632 22.132 15.465 22.318 18.454 13.051
1967 10.823 14.791 38.540 31.337 37.887 52.988 39.284 44.691 39.780 14.427 11.959 18.735
1969 11.662. 12.403 22.1.43 66.419 67.344 44.090 43.469 44.031 24.519 12.088 11.8.12 . 22.174
1970 21.388 18.837 52.542 91.745 56.396 32.963 11.452 10.371 15.283 23.521 20.829 15.582
1971 10.592 21.886 54.441 ’ 44.956 29.050 47.931 19.365 31.147 22.363 21.430 19.678 17.146
1974 12.124 49.663 60.625 78.889 42.177 98.175 37.190 24.029 20.629 19.360 18.000 18.425
1975 18.976 16.429 18.514 16.114 62.308 74.482 21.742 31.759 24.272 19.011 16.643 17.192
1982 11.332 28.832 66.845 53.364 70.735 62.414 79.360 35.456 22.210 14.449 13.512 22.~95
1983 29.942 41.158 58.507 57.385 82.766 87.464 85.312 56.056 50.761 22.747 15.156 23.926
1984 27.216 65.736 85.233 45.578 39.113 33.204 14.250 12.211 15.696 24.474 17.820 15.798
1986 9T677 10T583 15~649 18T890 103T561 67~949 19~266 10~936 12~614 21~449 17~207 10~480

Avara~la 15~641 22.877 40.768. 51.655 50.744 63.469 39.327 32.941 24.285 10.115 16.881 16.246
Base IRun 411~

1927 2.520 6.672 6.936 ~.7.128 7.970 4.782 4.051 3.972 3.304 6.684 5.366 1.799
1938 3.108 6.672 7.120 8.144 7.005 4.644 4.973 5.766 6.672 3.687 2.225 6.588
1941 2.362 3.738 7.246 8.237 8.500 7.592 5.942 4.575 4.281 6.684 2.710 4.187
1942 6.652 6.672 7.407 8.301 5.406 4.481 4.274 4.336 .6.440 6.023 2.223 5.154
1943 6.652 6.672 7.187 7.470 4.358 4.508 ’ 4.274 3.806 3.221 6.684 4.8~70 1.441
1952 2.712 6.650 7.087 8.500 8.272 -6.105 4.889 5.343 6.672 4.107 2.225 6.588
1953 6.652 6.672 7.222 7.239 4.556 4.644 3.061 3.713 5.824 6.684 5.938 3.185
1956 2..537 3.931 7.105 8.500 "~.235 4.644 3.839 4.336 5.206 6.684 4.739 6.447
1958 6.652 6.672 7.130 7.647 8.364 4.783 5.544 4.575 6.672 5.352 2.225 6.588
1963 6.652 6.672 7.013 6.335 3.642 4.644 4.048 4.150 3.584 6.684 6.554 1.993
1965 2.250 6.045 7.085 8.500 6.108 4.643 4.274 4.494 3.230 6.684 6.082 1.964
1967 2.490 8.586 . 7.287 7.752 6.696 3.963 5.077 4.575 6.672 6.684 1.154 6.588
1969 2.562 5.133 7.026 8.182 8.500 4.319 4.889 5.522 6.672 2.769 2.225 6.588
1970 6.652 6.672 7.383 6.331 4.556 4.128 3.010 2.317 3.202 6.684 4.448 1.760
1971 2.617 6.672 7.172 7.384 6.359 7.064 3.079 3.827 4.435 6.684 6.403 4.462
1974 5.198 6.672 7.194 8.069 6.308 4.664 4.274 4.264 4.362 6.684 4.404 6.588
1975 6.652 6.672 7.165 6.115 4.515 4.447 4.154 4.336 5.659 6.584 2.427 6.568
1982 2.070 6.672 6.964 7.819 8.301 5.585 5.427 6.’189 6.602 4.225 3.315 6.588
1983 6.652 6.672 7.592 4.588 3.584 3.457 4.485 4.237 5.415 5.535 6.554 6.588
1984 4.986 4.174 3.919 3.638 4,382 4.520 3.152 2.494 3.415 6.684 6.554 5.435
1986 2t269 4~286 ~ 7t078 7~219 8T500 7~592 6T499 3t589 3;.224 6T684 5~613 3t747

Average 4.328 6.061 7.015 7.290 6.339 5.010 4.439 4.306 4.989 5~965 4.203 4.809
Difference Run 455. Run 411)

1927 9.308 15.064 8.339 22.216 67.994 37.716 42.636 20.070 12.607 16.154 15.309 10.100
1938 ¯ 7.509 19.713 36.795 "19.254 67.917 73.403 41.242 48.755 25.512 9.393 10.404 8.459
1941 7.632 9.170 20.978 60.220 65.931 49.735 36.841 34.903 15.198 11.051 14.709 7.941
1942 10.221 13.216 54.522 54.978 73.887 .18.856 41.428 32.064 19.280 I 12.112 15.504 6.618
.1943 10~734 13.340 20.692 50.015 47.656 59.357 24.157 13.303 12.359 14.499 15.818 11.115
1952 7.802 8.932 i.’39.334 52.432 56.074 50.157 52.892 55.144 31.697 12.623 9.558 12.958
1953 16.106 11.093 37.445 56.911 21.619 16.861 16.029 21.842 20.851 13.513 15.641 12.122
1956 8.634 8.855 20.696 67.399 61.726 29.478 15.232 36.909 16.116 12.532 12.557 8.686
1958 11.597 11.244 19.023 29.349 49.154 89.468 47.635 36.466 28.447 9.512 12.158 . 11.019
1963 18.809 13.708 21.092 9.822 52.928 25.980 65.568 24.916 12.438 15.484 12.6.91 12.880
1965 7.622 8.699 25.642 71.389 26.960 14.718 42.358 17.638 12.235 15.634 12.372 11.087
1967 8.333 8.205 31.253 23.585 31.191 49.025 34.207 40.116 33.108 7.743 10.805 12.147
1969 9.100 7.270 15.117 58.237. 58.844 39.771 38.580 38.509 17.847 9.319 9.587 15.586
1970 14.736 12.165 45.159 85.414 51.840 28.835 8.442 8.054 12.081 16.837 16.381 13.822
1971 7.975 15.214 47.269 37.572 22.691 40.867 16.286 27.320 17.928 14.746 .13.275 12.684
1974 6.926 42.991 53.431 70.820 35.869 93.511 32.916 19.765 16.267 12.676 13.596 11.837
1975 12.324 9.757 11.349 9.999 57.793 70.035 17.588 27.423 18.613 12.327 14.216 10.604
1982 9.262 22.160 59.881 45.545 52.434 56.829 73.933 29.267 15.608 10.224 10.197 16.207
1983 23.290 34.486 50.915 52.797 79.202 84.007 60.827 51.819 45.346 17.212 8.602 17.338
1984 22.230 61.562 81;314 41.940 34.73,1 28.684 11.098 9.717 12.283 17.790 11.266 10.363
1986 7.408 6.297 8.571 11 671 95.061 60.357 12.787 7.347 9.390 14.765 11.594 6.733

Avera~le 11.312 16.816 33.753 44.365 53.405 48.460 34.889 28.636 19.296 13.150 12.678 11.443
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71 Year Record-Wet Years
Sacrsmanto River Flow a~ Freeport Rlver Flow (Regulated) (In cublc feet per ~ond)
Future Demand Level .Percent Difference Run 455 Run 411)/Run 411 ’100

YF.AR ~ NOV D~ JAN F~ ~ ~ MAY JUN ,.lUg’ AUG SE~
1927 369% 226% 120% 312% 853% 789% 1062% 505% 382% 242% 285% 581%
1938 242% 295% 517% 236% 970% 1581% 829% 946% 382% 255% 468% 128%
1941 323% 245% 290% 731% 776% 655% 620% 763% 355% 165% 543% 190%
1942 154% 198% 736% 662% 1367% 421% 969% 739% 299% 201% 697% 128%
1943 161% 200% 288% 670% 1094% 1317% 565% 350% 384% 21.7% 325% 771%
1952 288% 134% 555% 617% 678% 822% 1082% 1032% 475% 307% 430% 197%
1953 242% 166% 5’18% 786% 475% 363% 524% ,588% 358% 202% 263% 381%
1956 340% 225% 291% 793% 853% 635% 397% 851% 310% 187% 265% 135%
1958 174% 169% 267% 384% 588% 1871% 859% 797% 426% 178% 546% 167%
1963 283% 205% 301% 157% 1453% 559% 1620% 600% 347% 232% 194% 646%
1965 339% 144% 382% 840% 441% 317% 991% 392% 379% 234% ,203% 565%
1967 335% 125% 429% 304% 466% 1237% 674% 877% 496% 116% 836% 184%
1969 355% 142% 215% 712% 692% 921% 789% 697% 267% 337% 431% 237%
1970 222% 182% 612% 1349% 1138% 899% 280% 348% 377% 252% 368% 785%
1971 305% 228% 659% 509% 357.% 579% 529% 714% 404% 221% 207% 284%
1974 133% 644% 743% 878% 569% 2005% " 770% 464% 373% 190% 309% 180%
1975 185% 146% 158% 164% 1280% 1575% 423% 632% 329% 184% 586% 161%
1962 447% 332% 860% 582% 752% 1018% 1362% 473% 236% 242% 308% 248%
1983 350% 517% 671% 1151% 2210% 2430% 1356% 1223% 837% 311% 131% 263%
1964 446% 1475% 2075% 1153% 793% 635% 352% 390% ’360% 266% 172% 191%
’1966 326% 147% 121% 162% 1118% 795% 196% 205% 291% 221% 207% 180%

Avera(.le 287% 293% 514% 626% 901% 1010% 773% 642% 384% 227% 375% 313%

C--087640
(3-087640



I
I
I
I
I

Appendix 4

I Regulatory Framework

!
|

!

!
!
!
!
!
!

C--087641
C-087641



4.0, Regulatory Framework

Described below are the applicable regulatory and legal requirements that affect 1SDP in the
following area: (1) water quality; (2) water rights; (3) biological resource protection; (4) waterway
modification; and (5) Statewide water project management.

4.1 Water Quality Standards

The regulation of surfac.e and ground water quality in Califomia is governed through a system of
laws, including the Porter-Cologne Act of 1969

1 Water Code Section. 13000-13361.

and the Federal Clean Water Act of 1972 and.their amendments. Under these acts, the State is
required to adopt a water quality control policy and waste discharge
requirements (WDRs)

2 Equivalent to the National Pollutant Discharge Elimination System (NPD~S) permits.

implemented by the StateWater Resources Control Board (State Board) and nine Regional Water
Qualib, Control Boards (RWQCBs). The Central Valley RWQCB (CVRWQCB) regulates water
quality in the Delta west to Brown Island .(see Figure-2-9). The San Francisco RWQCB governs
the area east of Brown Island (SFRWQCB 1986).

As part of its water control policy, the State Board has adopted a number of Water Quality Control
plans and policies relevant to the proposed project, including The Inland SurfaceWaters Plan, The
Enclosed Bays and Estuaries Plan, and the Delta Plan..These plans include guidelines to set
pollutant standards for which the U.S. Environmental Protection Agency (EPA) or the State has
developed criteria. The RWQCBs adopt ind!yidual water quality control plans (Basin Plans)
designating specific beneficial uses

3 Beneficial uses are those uses of the waters than may be protected against water quality
degradation. Any use of water which existed in 1975 or later is considered a beneficial
use. Economic factors are considered when choosing beneficial us.es.

of the waters and establishing water quality objectives

4 Water quality objectives are equivalent to federal water quality criteria. They are
defined as "limits or levels of water quality constituents or characteristics" (Water Code
Section 13050).

to ensure the protection of the beneficial uses. These objectives
can be either narrative or numeric water quality standards derived from EPA
criteria

5 Water quality criteria were developed by the EPA to protect approximately 95 percent of
the organisms in the aquatic environment based on acute, chronic, and bioaccumulative
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testing to species at different trophic levels (EPA, 1986). The criteria were developed
front comprehensive species-specific acute, chronic, and bioaccumulation databases.
The criteria are used as toxicological estimates for aquatic chemical concentrations
that are protective of marine life.

or based on specific receiving water conditions. The standards are enforceable pollutant limits for
the bodies of surface or ground waters for which they are established (CVRWQCB 1993).
The specific beneficial uses protected through specific water quality objectives in the Delta are
municipal and domestic water supply, agricultural supply, industrial supply (process and service),
recreation (water contact and non-contact), freshwater habitat (warm and cold water), fish
migration (warm and cold water), fish spawning (warm water fish), wildlife habitat, and navigation.
The Basin Plans define surface water quality objectives for several parameters, including suspended
material, turbidity, pH, dissolved oxygen, bacteria, temperature, salinity, toxicity, ammonia, and
sulfides. Water quali.ty objectives adopted by the RWQCBs to protect the beneficial uses of Delta
water are summarized in Table 2-1 and are compared with criteria established bythe EPA and
with drinking water standards (discussed below).

The specific plans adopted to protect water quality within the Delta are closely tied to water rights
issues. Recent State Board decisions on water rights issues and the chronology of regulatory events
leading to those decisions are discussed at the end of the following subsection.

4.2 Water Rights

Riparian andAppropriative Rights

California water rights for surface water recognize the doctrines of riparian rights and prior
appropriative rights. Under the riparian doctrine, landowners have the right to divert, but not to
store, a portion of natural water flowing by their land for reasonable and beneficial uses upon their
land within the watershed of the stream. These rights are subject to certain limitations. Gen+rally,
all riparian water rights holders must reduce their water use in times of water shortages.

Under the prior appropriation doctrine, water may be diverted, stored, and used regardless whether¯
the land on which it is used is adjacent, to a stream or within its watershed, provided that the water
is used for reasonable and beneficial uses and is surplus to water from the same stream used by
earlkir appropriators.

California Constitution

Since 1928, when California amended its Constitution to. add what is now Article X, Section 2, the
dual system of water rights has been subject to a common standard that a use of water must be
"reasonable and. beneficial."

6 "Reasonable and beneficial" remains a concept neither well-defined nor fixed in law.
Traditionally, uses considered reasonalile and beneficial include." irrigation,
domestic, municipal and industrial, stock watering, and hydroelectric power
generation. Recently, the definition of beneficial uses has been broadened to include

A4-2                    "

C--087643
(3-087643



recreational use, protection and enhancement offish and wildlife, and aesthetic
enjoyment.

It places a significant limitation on water rights by prohibiting the waste and unreasonable use,
unreasonable method of use, or unreasonable method of diversion of water.

Public Trust Doctrine

In the 1980si the Public Trust Doctrine was used by courts to limit traditional water rights. The
Doctrine embodies the principle that certain resources, including water, belong to all and, thus, are
held in trust bythe State for future generations. In 1983, a landmark California Supreme Court
decision

7 In National Audubon Society v. Superior Court of Alpine Cou.nty the court held that
water right licenses held bf the City of Los Angeles to divert water front streams
tributao, to Mono Lake remain subject to ongoing State supervision unddr the public
trust doctrine.

held that the’ public trust doctrine protected not only.the traditional uses of water for fishing,
navigation, and commerce, but also the changing public needs of ecological preservation, open-
space uses, aesthetic values, scientific stud)’, and scenic and wildlife preservation. This decision
extended the Public Trust Doctrine’s limitations on private rights to appropriative water rights. The
Court also ruled that long-standing water, rights could be subject to reconsideration and could
possibly be curtailed. The Doctrine, however, generally requires the Court and the State Board t9
perform a balancing ~test to weigh the potential value to society of a proposed or existing diversion
against its impact to. trust resources.

Federal Power Act

The Federal Power Act has, at times, conflicted with the administration of State water rights
involving hydroelectric projects. The Act creates a federal licensing system administered by the
Federal Energy Regulatory Commission (FERC) and requires that a license be obtained for
nonfederal hydroelectric projects proposing to use navigable waters of federal lands. While the Act
contains a clause which disclaims any intent to affect State water rights law, there have been
instances where holders of FERC licenses have claimed preemption from State minimum stream
flow requirements and State designation of wild and scenic streams.

8 .Court cases show that the Federal Power Act has preempted state water lcm;
specifically in first lowa Hydroelectric Cooperative v. Federal Power Commission. In
the Federal District Court case of Sayles Hydro Association v. Maughan, the Court held
that fede~ral law prevents any state regulation of federally licensed power projects other
than determining proprietary water rights. In that case, it was hem that the State Board
did not have the authority to, impose environmental conditions beyond what was
required in the FERC license.

I A4-3
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I
Preemption of State law by terms and conditions in Federal
Power Act licenses is likely to remain a challenge for water management.. !
Delta Water Use Legislation and Agreements

Other statutes affecting water.use in the Delta and its watershed
I

9 The Burns-Porter Act declares the Delta to be a part of the Sacramento River
watershed, so the Delta falls under that basin’s drea of origin protection.

I
include’the County of Origi.n Statutes, the Watershed Protection Statutes, and the Delta Protection
Act of 1959.

I

County of Origin Statutes
During the years when the SWP and CVP were being developed, area of origin legislation wasI
enacted to protect local northern California supplies from being depleted. Count)’ of Origin
Statutes provide for the reservation of water supplies for counties in which the water originates
when, in the judgment of the State Board, an application for the assignment or release from priorityI
of a State water right filing would deprive the county .of necessary water for present and future
development.

Watershed Protection Statutes I
Watershed Protection Statutes are provisions which require that the construction and operation of
elements of the CVP and SWP do not preempt the watershed, or area where water originates, orI
immediately adjacent areas which can be conveniently supplied with Water, of the right to use water
to reasonably supply the present or future beneficial needs of the watershed area or any of its
inhabitants or property owners. ¯ I

Delta Protection Act of 1959 .
Tile Delta Protection Act of 1959 declares that the maintenance of an adequate water supply in the¯¯ Delta is necessary for the peace, health, safety, and welfare of the people of the State, subject to|
County of Origin and Watershed Protection laws. The Delta needs protected by this Act include
consumptive uses such as agricultural, municipal, industrial, and export to areas of water¯
deficiency, and non-consumptive uses such as recreation. |
Water Code Section 1245
In 1984, additional area of origin protections were enacted to prohibit the export of ground waterI
from the Sacramento River and the ,Delta basins unless export is in complian6e with local groundIII

water plans.. Water Code Section 1245 also holds municipalities liable for economic damages
resultingfrom their diversion of water from a watershed.

I

Water Agency Agreements
In addition to the listed regulations, contracts and agreements between DWR and Del~a interests
provide specific protections. The Delta interests include: the South Delta Water Agency; North
Delta Water Agency; Western Delta Municipal Water Users. (CCWD, City of Antioch); and
Westem Delta Industrial Users. Jurisdictions of these agencies are shown in Figure 2~ 10. Table 2-I
2 summarizes the agreements between DWR, Reclamation, and these water agencies.

A4-4 I
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Permits and Licenses

The Water Commission Act, which took effect in 1914 following a referendum, recognized the
overriding interest.of the people in the waters of the State, but allowed that private rights to use the
water may be acquired in the manner provided by law. The Act established a system of State-
issued and licenses Amended the it now inpermits to appropriatewater. over appears
Division 2 (Section 1000) of the Water Code. These provisions place responsibility for
administering appropriative water rights with the State Board (provisions do not apply to pr.e-1914

The Act also for the of waterappropriativerights). providesprocedures adjudication rights,
including court references to the State Board, and the statutory adjudication of all rights to a stream
system.

The State Board is responsible for administering appropriative water rights and has issued permits
to DWR for operation of the SWP, to Reclamation for oper.ation of the CVP, and to all other
water-rights holders within the Central Valley. In these permits, the State Board reserves
jurisdiction to formulate or revise the terms and conditions of vested rights (DWR 1993 b).

State Board Decision 1485

In 1978, the State Board adopted Water Right Decision 1485 (D-1485), which set forth a number of
conditions for SWP and CVP operations in the Delta,

10 In response to lain,suits filed against the State Board and a court decision (Racanelli
Decision), the State Board initiated the Bay/Delta Hearings in 1987 to develop a Delta
water quality control plan and to consider public interest, issues related to Delta water
rights. The State Board adopted the Pollutant P[glicy Document for the Bay/Delta
Estuary and the Water Quality Control Plan for Salinity in 1990 and 1991,
respectivel)’.

including water quality standards, export limitations, and minimum flow rates. This Decision also
mandated an extensive monitoring program and required special studies of the Delta and Suisun
Marsh areas.

11 In 1979, Reclamation and DWR initiated a cooperative agreement that led to a plan
for protection of Suisun Marsh, the construction of a salinity Control structure on
Montezuma Slough, and the approval of the Suisun Marsh Preservation Agreement
between DWP~ Reclamation, Suisun Resource Conservation .District, and the
California Department offish and Game (CDFG).

D-1485 standards require that the SWP and CVP make operationa! decisions to maintain Delta
water quality and to meet Delta fresh water outflow within specified limits (Table 2-3).

Racanelli Decision
Lawsuits by various interests challenged D-1485, and the decision was overturned by the trial court
in 1984. In 1986, the Appellate Court in the Racanelli Decision stated that the State Board needed
to separate its water quality planning and water rights functions and maintain a "global perspective"
in identifying beneficial uses and in allocating responsibility for implementing water quality

A4-5.
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objectives. The court recognize.d the State Board’s authority to look to all water rights holders to
implement water quality standards and advised the State Board to conside~ effects of all Delta and

Water users, as well as those of the SWP and. CVP, in setting and implementing watei-upstream
quality standards in the Delta.

Coordinated Operation Agreement
In response to D-1485, DWR and Reclamation signed the Coordinated Operation Agreement in
1986, which specified the resPective responsibilities of each project. The agreement sets a formula
for sharing the obligation of meeting water quality standards and other in-basin uses. The sharing
formula.provides for CVP/SWP proportionate splits of 75/25 responsibility for meeting in-basin
use .from stored water releases and 55/45 for capture and export of excess flow.

Bar/Delta Hearings
The State Board has held a series of Bay-Delta Hearings since 1987 to develop a water quality
control plan and consider public interest issues relating to Delta water rights. Several water quality
plans and draft water rights plans were released by the State Board in response to the proceedings.
In 1992, interim standards were proposed in Water Right Decision 1630. The EPA, however,
~ejected Decision 1630 and then announced its own propdsed standards to replace those proposed
by the State Board. ~A detailed chronology of these events is found in Table 2-3. Prolonged debate
over the management of Delta waters resulted in the signing of the Joint Federal and State Delta
Agreement between the EPA and the State of California. ’

Joint Federal and State Delta Agreement

.On December 15, 1994, the federal government and the State oi’ California signed a three-year
compromise agreement on new protections for the San Francisco Bay and Delta. The agreement
forms the basis for the State Board’s Draft Water Quality Control Plan for the Bay/Delta which.
when adopted in its final form, will replace D-1485. In the Draft Plan the State Board reserved the
right to reallocate responsibility for’meeting water quality objectives in a water rights proceeding
that will be conducted after the final plan is adopted. In that proceeding, the State Board will
consider the responsibility of all of the water rights holders who divert water from the watershed of
the Bay-Delta Estuary.

The water supigly-related objectives of the agreement include Delta outflow, river flows, export
limits, Delta Cross Channel operations, and salinity control for protection of beneficial uses. The
specific requirements of the Draft Plan are listed in Table 2-4’. The water right decision, anticipated
for 1998, will allocate respon.sibility for meeting the objectives among water right holders in the
watershed. In addition to implementation measures within the State Board’s authority, the Draft
Plan also includes recommendations to other agencies.

4.3 Drinking Water Standards

Drinking water standards are established both by State and federal agencies. Public water agencies
must meet primary and secondary drinking water standards based on guidelines developed by the
EPA and Califomia Department of Health Services (DHS). Federal standards are established
pursuant to the Public Health Service Act, as amended by the Safe Drinking Water Act and other
federal regulations relating to public water systems. Maximum contaminant levels (MCLs) are
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established for microbiological, inorganic chemicals, organic chemicals, and radionuclide
contaminants.

The Department of Health Services established primary drinking water standards for~ dissolved
arsenic, cadmium, chromium, lead, and mercury and secondary standards for dissolved copper,
iron, and zinc. Primary drinking water standards are based On National Primarymanganese,
Drinking Water Regulations (40CFR, Part !41) and are the maximum permissible contaminant
levels in water to protect human health when the water is used continuously for drinking or
cooking. Secondary drinking water standards are based On the Secondary Drinking .Water
Regulations (40CFR, Part 143) and are the maximum permissible contaminant levels to assure that
taste, odor, or appearance of drinking water are not adversely affected. Secondary drinking water
standards are not based on human health concerns.

It has been common practice to rely on Primary MCLs as "enforceable standards" for human
health. However, MCLs are designed to apply to water within a drinking water distribution system
and at the tap. It is not always appropriate to apply Primary MCLs to the protection of the sources
of drinking, water (ground or surface water~ resources). For example, some MCLs are based on
economic and technological factors rather than human health as determined through one-in-a-
million cancer risk estimates. Some groundwater and water.quality standards are therefore set at
more stringent levels than the MCLs. In the case of metal contaminants, many standards are based
on aquatic life criteria which are more restrictive than MCLs.

4. 4 Biological Resource Protection

The following subsection summarizes those laws and regulations which affect water project
operations and hydrodynamics within the Delta. Most pertinent to Delta hydrodynamics are the
recent Biological Opinions of federal resource agencies; agreements .between CVP, SWP, and
California Department of Fish and Game (CDFG); and the Suisun Marsh Preservation
Agreements. Further discussion of general legislation to protect biological resources is found in
Chapter 9, Aquatic B~iology.

Endangered Species Acts

Endangered Species Act
The federal Endangered Species Act (ESA) is meant to preserve endangered and threatened species

by protecting individuals of the species and their habitat through implementing measures to
promote their recovery. The ESA sets forth a procedure for listing species as threatened and
endangered. Final listing decisions are made by the U.S. Fish and Wildlife Service (USFWS) or
National Marine Fisheries Service (NMFS). Once a species is listed, Section 7 of the Act requires

that federal agencies in consultation with the USFWS or NMFS ensure that actions do not
jeopardize the continued existence of the species. The USFWS or NMFS must then provide an
opinion as to whether the federal action would jeopardize the species and must include in the
opinion reasonable and prudent alternatives to the action to avoid harm. In addition, State agencies
and private parties are subject to ESA through Section 9 prohibitions of the "take" of endangered or
threatened species. State agencies and private entities are generally required to obtain a take permit
from the USFWS or NMFS under Section 10(a) of the ESA.
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California Endangered Species Act (CESA).
This Act is similar to the federal ESA and must be complied with in addition to the federal act. The
listing decisions are made by the CDFG, and a similar process of consultation, agency opinion
provisions, and alternatives analysis is required for State projects. The CESA directs the CDFG to
coordinate with the USFWS and NMFS in consultation so that consistent and compatible opinions
or findings are adopted.

In recent years, the regulatory approach to endangered and threatened species has shifted to Natural
Community Conservation Planning.~ Through the adoption of the NCCP Act in 1991, a program is
initiated to identify habitat needs of species before they are listed and to develop appropriate
voluntary conservation methods compatible with development and growth. This approach is likely
to play an increasing role in water development in the future.

California Fish and Game Code

Section 5937 of the Fish and Game Code requires that the owner of any dam allow sufficient water
to pass through the dam, at all times, to keep fisheries that are planted or exist below the dam in
goodcondition. In California Trout, Inc. v. the State Water Resources Control Board (1989), the
court required the State Board to modify permits and licenses issued to the City of Los Angeles to
appropriate water from the streams feeding Mono Lake to ensure sufficient water flow for fisheries.
Subsequently,interim flow standards for four streams entering Mono Lake were set.

The Fish and Game Code Sections 1601 and 1603 require that any government agency or private
-entity altering a river, stream, lake bed, bottom, or channel enter into an agreement with the CDFG.
The CDFG may require provisions to protect riparian habitat, fish, and wildlife.

Delta Biological Opinions

Concerns over the protection of fish and wildlife uses within the Delta have led to a series of
revisions to water quality and flow standards within the Delta. In D-1485, the State Board intended
to set criteria to provide minimum salinity and flow conditions to protect fisheries at levels that
would have existed in the absence of State and federal water projects.

12 The striped bass index (SBI) was used as a measure of the survival and spawning
conditions of this fish. The $1~1 was correlated with Delta freshwater outflow and
Delta diversions to set flow and Salinity requirements at critical points in the Delta

(EPA, 1994).

Despite these standards, fisheries have declined within the Delta, resulting in the listing of several
species as threatened and endangered. Throughout the chronology of events leading to the federal-
State agreement, protection of biological resources has been a key factor. The decisions and plans
discussed under water rights also apply to the discussion of fish and Wildlife protection. In addition
to those decisions, the NMFS and USFWS have issued biological opinions which further constrain
operations of the water projects. These opinions present reasonable and prudent alternatives which
provide protection .for the winter-run chinook salmon (NMFS) and the delta smelt (USFWS). A
summary of constraints to SWP operations according to these agencies is found in Table’2-5.
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Upstream Flow Requirements

Instream flows for rivers entering the Delta are also regulated by various agencies, such as the
CDFG and FERC for hydroelectric power facilities. Agreements between CDFG and DWR set
flow requirements for upstream rivers and storage requirements for reservoirs..Studies conducted
by resource agencies have led to proposed revisions to these agreements. Flow requirements for the
Feather River, American River, and Sacramento River are currently proposed by the CDFG.
Ongoing proceedings by FERC may result in requirements for flows in rivers upstream of the
Delta. Flow requirements for rivers that are expected to be influenced b~ the project are listed in
Table 2-6.

Fish Protection Agreement

To mitigate fish losses at Delta export: facilities, both the SWP and the CVP entered into
agreements with the CDFG. The Fish Protection Agreement was signed in December 1986 as a
result of negotiations over the addition of four pumps at Banks Pumping Plant. The agreement
identifies the steps needed to offset adverse impacts to fish at the plant. It sets up a procedure to
calculate direct fishery losses and requires DWR to pay for mitigation projects that would offset the
losses. DWR also provided $15 million to initiate a program to increase the probability that results
would be quickly demonstrated.

Suisun Marsh Preservation Agreement

Decision 1485 ordered Reclamation and DWR to develop a plan to protect the Suisun Marsh. As a
result, the Suisun Marsh Preservation and Restoration Act of 1979 authorized the Secretary of
Interior to enter into a Suisun Marsh Cooperative Agreement with the State to protect the marsh and
share for facilities. The Suisun Marsh Protection Plancosts wasdevelopedbyDWR, Reclamation,
CDFG, and the Suisun Resources Conservation District. in 1980, and initial facilities were
completed in 1981.

A Four-Agency Suisun Marsh Preservation Agreement and two auxiliary agreements, a monitoring
agreement and mitigation agreement, were signed, in March 1987. The four-agency agreement
describes proposed facilities to be constructed, a construction schedule, cost-sharing
responsibilities, water quality standards, soil salinity, water quality monitoring, and land purchases
to mitigate impacts. A key facility of the plan, the salinity control structure on Montezuma Slough,
was completed in 1989.

Wild ’and Natural Aria Protection

Federal Wild and Scenic Rivers Act
This Act of 1968 set up a system to preserve the free-flowing condition of river~ which possess
remarkable qualities and values. Such rivers are designated as wild and scenic. The Act recognizes
the need to complement the national policy of dam and other construction with a policy of
conservation. Federal agencies are prohibited from constructing, authorizing, or funding
construction of water resources projec.ts that would a have a direct adverse impact on the values of
designated rivers or rivers designated for potential addition to the National Wild and Scenic Rivers
System.
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California Wild and Scenic Rivers Act
This Act was passed by the State legislature in 1972 to preserve extraordinary rivers in the State. It
declared that preservation of these rivers’ values would be considered the highest and most
beneficial .uses within the meaning of Article X, Section 2 of the California Constitution. The Act
prohibits construction of any dam, reservoir, diversion, or other water impoundment on a
designated river, although diversions to supply domestic water may be authorized. The major
difference between the federal and State acts is that if a river is designated wild and scenic under
the State Act; FERC can still issue a license to build a dam on that r.~ver, thus overriding the State
system.

Wild Trout Streams                                                    ’ "
The California Fish and Game Code designates certain sections of streams and rivers as wild trout
waters, as a result of the Trout and Steelhead Conservation and Management Planning Act of 1979.
According to the Code, "[a]ll necessary actions, consistent with state law, shall be taken to prevent
adverse impact by land or water devel6pment projects ~on designated wild trout waters."

4.5 Waterway Modif!eation

Corps of Engineers Regulator)i, Program

The U.S. Army Cops of Engineers has been involved in regulating certain activities in the nation’s
water since 1890. Currently, the Corps regulates these activities under two statutory programs,
Section 404 of the Clean Water Act and Section 10 of the River and Harbor Act of 1899.

Section 404 of the Clean Water Act requires approval prior to prior discharging dredged’or fill
material into the waters into he United States. Placement of fill material is typically the addition of
clean materials such as dir~, rock, or broken concrete, for the purpose or effect ofei.ther replacing
an aquatic area with dry land or raising the elevation of an aquatic area. The Corps has interpreted
what constitutes a regulated "discharge’, broadly to include those actions where total volume of fill
is small but where the secondary effects of the activity may result in substantially adverse impacts
to the aquatic environment.

Section 404 (b) of the Clean Water Act requires that the Corps issue permits in compliance with
guidelines developed by the EPA. These guidelines require that there be a demonstration that no
alternative is available to meet the project purpose and need that does not result in a discharge of
fill in waters. Once this fist test has been satisfied, the project that is permitted must be the least
environmentally damaging practical alternative before the CoNs may issue a permit for the
proposed activity.

Fish and Wildlife

The Fish and Wildlife Coordination Act requires that any federal agency proposing to control or
modify any water body or to issue a permit allowing the control or modification of a body of water
must consult with the USFWS and the State Fish and Game officials.This Act requires
coordination early in the project planning and environmental review process.
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Corps Public Notice 5820A

Current hydraulic conditions in the Delta channels limit monthly maximum SWP exports. The
export level is also limited by Corps constraints, set forth in Corps Public Notice 5820A
(Amended), issued in October 1981. Daily diversions into Clifton Court Forebay are not to exceed
13,870 acre-feet (three-day average = 13,250 af) unless flow in the San Joaquin River at Vemalis
exceeds 1,000 cfs during mid-December to’ mid-March. During those, conditions, DWR may.
increase diversions by one-third of the San Joaquin River flow. The Corps concluded that such

would affect the of the Delta channels.operations not navigablecapacity

Flood Protection

The Delta Flood Protection Act of 1988 created the Delta Flood Protection Fund. The Act makes
available $6 million annually for local assistance under the Delta Levee Maintenance Subventions ¯
Program. An additional $6 million per yeai" is allocated for special flood control projects for eight
western Delta islands and the toxvns of Walnut Grove and Thornton.

.The Act also requires investigation of other flood control measures, such as provisions to acquire
easements up to 400 feet wide along levees to minimize tillage and modify land management
practices. DWR is directed to seek appropriate cost-sharing for flood control plans. Provisions to
protect fish and wildlife habitat, as determined by the CDFG, are to be included in these plans. The
Delta Master Recreation Plan must also be considered in this planning effort.

4. 6 Statewide Water Project Management

Regional Water Projects

Numerous statutes authorizing major regional water projects have been passed in California. These
include projects such as the Hetch Hetchy Project, the Colorado Aqueduct, the Los Angeles
Aqueduct, and the Mokelumne River Aqueduct.. In addition, there are 40 different statutes under
which local water agencies may be organized and are given the authority to distribute water. There
are also anumber of special act districts, such as the Metropolitan Water District of Southern
California (MWD).

CVP Improvement Act of 1992 ~

This Act, signed in October 1992, makes significant changes to the management of the federal
reclamation project and creates a complex set of new programs and requirements applicable to the
project. These cover five primary areas: (1) limitations on new and renewed CVP contracts; (2)
water conservation and other water management actions; (3) water transfers; (4) fish and wildlife
restoration actions; and (5) establishment of an environmental restoration fund. With a few
exceptions, new contracts for CVP water are prohibited until several requirements have been met,
including completion of a programmatic EIR.

The Act requires that 800,000 acre-feet of project yield be dedicated to fish and wildlife habitat
purposes each year. It establishes a goal of doubling the natural production of anadromous fish in
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the Central Valley rivers and streams by 2002. Trinity River instream flows and wetland areas in
the Sacramento and San Joaquin Valleys are also dedicated to fish and wildlife uses. A number of
other physical measures to restore fishery and wildlife habitat are also required. Table 2-7
summarizes requirements of the CVPIA that influence water project operations. The Secretary of
Interior is directed to enter into an agreement with the State of California for cost-sharing some of
these mandated restoration measures.

The CVPIA also contains provisions intended to increase the use .of water transfers by providing
that all individuals and districts receiving CVP water may transfer it to any other entity for any
project or purpose recognized as a beneficial use under State law.

Water Transfers

Many water managers are seeking water transfers to respond to water supply and allocation
problems. Under existing law, holders of pre-1914 appropriative water rights can transfer water
without seeking approval of the State Board, provided no other legal user ofwater is injured. Other
holders of appropriative rights must obtain State Board approval. All transfers are subject to
CEQA, unless they are for a short term (< 1 year). The State Board has announced that no long-
term transfers will be approved until completion of a cumulative environmental impacts analysis is
completed. Permits from resource agencies may also be required if a proposed transfer will affect
threatened and endangered species.

Riparian water rights are not transferable from place to place, although downstream appropriators
may contract with upstream riparian users to leave water in the stream for potential downstream
diversion. Under Water Code Section 1707, the State Board can authorize conversion of any
existing water right into an "instream appropriation" to benefit fish, wildlife, or other instream
beneficial use.

Water obtained pursuant to a water supply contract is also potentially transferable. Although nearly
all types of water rights may be transferred, usually only the water is transferred, while the rights
remain with the ~ original holder. Drought conditions in the last few years have led to the
development of a State Drought Water Bank created by the Governor in 1991. Administered by
DWR, the water bank is designed to move water from areas of greatest availability to areas of
greatest need. The sources of water included temporary surplus in reservoirs, surface supplies
made available by use of groundwater, and surface water made available by fallowing agricultural
lands.

Water Use Efficiency

The California Constitution prohibits the waste or unreasonable, use of water. Further, Water Code
Section 275 directs DWR and the State Board to "take all appropriate proceedings or actions before
executive, legislative, or judicial agencies to prevent waste or unreasonable use of water." There are
several legislative acts adopted to develop efficient use of water in the State, including the Urban
Water Management Planning Act of 1985, Water Conservation in Landscaping Act of 1992,
Agricultural Water Management Planning Act, Agricultural Water Suppliers Efficient
Management Practices Act of 1990, Water Recycling Act of 1991, and Agricultural Water
Conservation and Management Act of 1992. In addition, the California Urban Water Conservation
Council is developing Urban Best Management Practices to be included in a Memorandum of
Understanding.
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5.0 Alternatives Considered but Eliminated from Detailed
Study

In addition to the selected alternatives, the preparers Of this EIR/EIS considered an extensive list
Of potential alternatives to the proposed project. More than three dozen potential alternatives
were considered but eliminated fro~ detailed, study in the EIR/EIS, consistent with the direction
contained in the CEQA Guidelines and the NEPA CEQ Regulations, as outlined briefly in the
following.

Several potential alternatives were eliminated becaus.e they would likely have environmental
consequences of greater magnitude than the proposed project. The preparers of the EIR/EIS
tried to focus the evaluation upon alternatives that had the potential to be environmentally
preferable to the proposed project. Several other potential alternatives were eliminated because
they were much larger in scale and/or were oriented toward a longer-term resolution of the Delta
water supply issues and concerns. The potential alternatives considered but eliminated from
detailed stud)’ are as follows:

Peripheral Canal

This water transfer concept, with various modifications, has been studied and presented for
public acceptance numerous times in the past 50 years. Th~ State-federal plan as described in.
the "Report in. Response to Senate Concurrent Resolution No. 73", July 1, ]977, and also
described in the DEIR for Peripheral Canal, published by DWR in August 1974, was composed
of man)" physical features. These included: 42 miles of unlined channel going from Hood, on
the Sacramento River, to Clifton Court Forebay; an intake structure and fish screen at Hood; a
pumping plant (21,800 cfs Capacity); numerous siphons, bridges and access roads; water release
structures located along the length of the canal at major rivers and sloughs; and a connection
between Clifton Court Forebay and Tracy Pumping Plant (CVP). This large project would be
built in three stages. The "State-only Gravity Canal" was a scaled-down version of the State-
federal plan and would only carry enough water to meet SWP exports (5,450 cfs intake capacity
at Hood).

Dual transfer system

This plan is comprised if an east Delta conveyance channel, very similar to the Peripheral Canal
but only about one third-its size, and continued use of existing Delta channels as conveyance
facilities. About 7,500 cfs of the SWP/CVP export water would flow through the new channel.
Under the basic alternative, the new channel would operate by gravity and would only have
about a 3-foot drop from the intake on the Sacramento River to Clifton Court Forebay. It would
have five siphons at the major river crossings and would have several release structures at
desired locations. To compliment the basic plan, there are several design options that would
boost flow to improve water transfer (pumping plants and Sacramento River control structure),
and provide additional protection for Delta fish. Also, there are a number of options to reduce or
mitigate damage to fish, such as various fish screen and fish return designs, and hatcheries.
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Modified Folsom-South Canal

This alternative plan would control water transfer through existing Delta channels and ,enlarged
channels, install various new features to improve water quality in central and southern Delta, and
eliminate reverse flows in the San Joaquin River. The proposed .Sacramento River Hood-Clay
connection and the Folsom-South Canal would be enlarged to divert 3,800 cfs for release down
the Mokelumne, Calaveras, and Stanislaus Rivers. However, the Folsom-South Canal was never
completed south of the latitude of Hood. Other features would include channel closures, channel
improvements, and a siphon under the San Joaquin River for the Mokelumne River to Control
water transfer through existing channels. A fish screen at Hood and boat passage facilities at the
various channel closures would be needed. The modified Folsom-South Canal alternative is
described briefly in theDWR Delta Water Facilities Bulletin 76, July 1978.

Pay for agricultural pump damage in the south Delta ,
!

This alternative proposal would essentially be a no-action plan. Damages to pumps caused by             ./~
low water levels would be compensated by paying for repairs or replacement.

Delta Mendota Canal/Westley Wasteway Plan

This proposed project was one of several alternative water distribution plans that would work in
conjunction with the Peripheral Canal. The Peripheral Canal ~would provide the water for
distribution throughout the southern Delta to improve water supply, water quality, and give a net
downstream flow in the major channels used by migrating fish. The plan is discussed in DWR
"Alternative Report Southeast Delta Water Control Facilities", April 20, 1976 report and
November 8, I977 supplement.

The basic plan consists of a 700 cfs pumping plant in Middle River about three miles above.the
Peripheral Canal to convey water up-river, levee rework below the pumping plant, a San Joaquin
River flow control structure, and some channelization below the end of Westley Wasteway to the
San Joaquin River. A small steady flow of water would be pumped out of the Peripheral Canal
to flow up the Middle River for distribution in the southeast Delta. This would be supplemented
by releases from the Delta-Mendota Canal into San Joaquin River via the Westley Wasteway,
which would be in the order of 1,500 cfs.

Reduce San Joaquin River Agricultural Drainage

Current agricultural drainage conditions on the west side of the San Joaquin Valley present three
basic problems: (1) salt balance; (2) water balance;, and (3) toxic, or potentially toxic, trace
elements in subsurface agricultural drainage.- In mid-1984, USBR, USF&WS, USGS and DFG
formed the San Joaquin Valley Drainage Program (SJVDP) to investigate drainage problems and
identify possible solutions. The four goals of the SJVDP are to: (1) minimize potential health
risks associated with subsurface agricultural drainage water; (2) protect existing and future
reasonable and beneficial uses of surface and ground water from impacts associated with
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drainage water; (3) protect, restore, and improve valley fish and wildlife resources; and (4)
sustain the productivity of farm land on the west side of the San Joaquin Valley.

In 1987, the SJVDP narrowed its focus on planning alternatives for solving drainage problems to
measures that could be taken within the valley itself. In 1989, the SJVDP published a report on
preliminary planning alternatives, which would consist of combinations of drainage management
strategies falling into seven categorie,s: (1) source control to reduce drainage from individual
farms; (2) management of shallow water tables by pumping; (3) treatment of drainage water; (4)
reuse of drainage water; (5) disposal of drainage water in the valley; (6) fish and wildlife
measures; and (7) institutional changes.

Drainage water reduction and disposal methods include irrigation improvements, reuse of
drainage water for propagation ofeucalyptus trees and saltbrush, and limited drainage water
storage in ground water and disposal in evapor~atio~ ponds. The alternative also involves actions
to protect public health and to protect and restore fish and wildlife, including provision of fresh
water supplies conserved from irrigation, improvements for use on existing wetlands and wildlife
areas.

DWR is collecting and preparing studies on reuse and disposal of agricultural drainage water in
the SWP service area. Analyses emphasize trace elements, such as selenium and arsenic,
because of their potential adverse effects on water supplies and the environment.

Chipps Island Barrier                                    ,

The Chipps Island Barrier site is located in the Sacramento River connecting Chipps Island with
Mallard Island. There would also be dikes across Spoonhill Creek. The Sacramento River at the
site is about 3,000 feet wide and has a maximum depth of 56 feet below mean sea level. The

i barrier would include: an embankment, a gated floodway structure, four navigation locks, a salt
scavenging system, a fish passage, a removable fuse plug, and other miscellaneous features.
Mallard Island would be removed and replaced by the fuse plug. Channel excavation would be
required for about two-thirds of the length of the barrier. The floodway structure would consist
of 36 gated bays, each. bay would be 80 feet wide. The concrete base slab would be 15 feet thick
and 90 feet wide with 125-foot piles as the foundation..

Four navigation locks would be constructed parallel to the northern shore between the floodway
and Chipps Island. Approach channels would be excavated to a depth of 45 feet and a width of
600 feet. The locks themselves would range from 300 to. 800 feet in length and from 45 to 96
feet in width.

Operation of the locks would result in salt water intrusion into the barrier pool. The denser salt
water would displace the fresh water at’ the bottom of the pool, allowing the salt water to be
collected in a sump. Removal of the salt water would be accomplished through a salt scavenging
system. The salt water could be used in an adjacent fish ladder for fish attraction and
acclimation. The fish ladder itself would be concrete and about 670 feet long and 30 feet wide.

A5-3

C--087657
C-087657



To meet national defense requirements, a fuse plug with approach channels would be constructed
near the southern shore. The plug would consist of four concrete cellular caissons, three of 100
feet in length and one 75 feet long. Two center caissons would be removable. An approach
channel would need to be dredged 200 feet wide with a bottom elevation of 44 feet. This would
extend 6,000 feet both upstream and downstream.

The U.S. Public Health Service has recommended that, for any barrier of this type, all municipal
and industrial effluent be diverted downstream of the barrier pool. A waste disposal conduit for
Chipps island Barrier would serve nine industrial and two municipal dischargers. Industrial
cooling water facilities would also be needed.

Levees in Suisun Bay and in the Delta would require strengthening and raising under the new
hydraulic conditions. Also numerous reaches of channels in the Delta would need to be dredged
to provide capacity for water transfer and navigation. It is estimated approximately six million
cubic yards of material would be dredged.

.Dillon Point Barrier                                                      ’ "

This feature is very similar to. Chipps Island Barrier described earlier. It would be located
downstream further and Would cross Carquinez. Strait between Crockett and Benicia. It would
have a larger freshwater pool including Suisun Bay and Delta.

Point San Pablo Barrier

This barrier is similar to Chipps.Island and Dillon Point Barriers. It would be located across San             (~
Pabio Strait Separating San Francisco and San Pablo Bays. It would have a very large freshwater
pool including San Pablo Bay and Suisun Marsh.                                                        ~

Submerged Sill Carquinez Strait

Earlier U.S. Corps of Engineers’ hydraulic model tests showed that deepening the Baldwin and             !
Stockton Deep Water Ship Channels would cause increased salinity intrusion into the interior
Delta for the same level of controlled outflow. Since the State Water Resources Control Board            ~,
Delta water quality standards would still need to be met, outflow would .have to be increased. To
mitigate this effect, the Corps proposed a submerged sill in Carquinez Strait to block off the
heavier saline water that would otherwise intrude upstream through the deepened channel.                  ~

!
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Robert Island Canal Plan

.This proposed plan was one of several alternative water distribution plans that wbuld work in
conjunction with the Peripheral Canal. The Peripheral Canal would provide the water for
distribution throughoutthe southern Delta to improve water supply, water quality, and give a net
downstream flow in the major channels used by migrating .fish. The Roberts Island Canal Plan is
discussed in DWR "Alternative Report Southeast Delta Water Control Facilities" April 20, 1976
report and November 8, 1977 supplement. The plan would consist of a 2,000 cfs pumping plant
in Middle River, an earth-lined canal crossing Roberts Island between Middle River and San
Joaquin River capable of carrying 1,100 cfs, and three flow control structures. ~The flow control
structures .would be located at the head of Middle River, San Joaquin River below Old River
bifurcation, and between the Roberts Island Canal and San Joaquin.River. They are needed for
proper water distribution and to control flood flows.

The section of Middle River between Roberts Island Canal and Old River would convey the
remaining 1,100 cfs for release down Old River. With the large flows in Middle River between
the proposed Peripheral Canal crossing and Old River, there would need to be channel dredging
and levee rework done.

New Hope Cross Channel (with and without forebay enlargement)

This Delta water transfer proposal actually has two plans, both of which use interior Delta
channels for part of the water transfer to the Delta Pumping Plant. New Hope Cros~s Channel
was introduced as another north’Delta transfer facility. The canal portion of the New Hope
alternative follows the Peripheral Canal alignment. Discussions of the New Hope Cross Channel
project can be found in the DWR Delta Water Facilities Bulletin 76, July 1978, and also in a
DWR report entitled "Alternatives For Delta Water Transfer’", November 1983.

One alternative plan is the New Hope Cross Channei and Enlarged Clifton Court Forebay. The
north canal portion is a 12.3-mile reach from Hood to Beaver Slough. Water taken from the
Sacramento River at Hood would be discharged into the Mokelumne River, Lost Slough, and
enlarged Beaver Slough. The South Fork Mokelumne River would be enlarged, and an 8,000-
foot channel constructed across Staten Island to convey water to the North Fork Mokelumne.
The Delta Cross Channel would be closed and a boat lock provided for small boats. The initial
canal capacity would be 16,500 cfs and would require pumping. About 4,500 cfs would be
released into Lost Slough and 1,500 cfs into Mokelumne River. The remaining water would be
conveyed on to Beaver Slough and South Fork Mokelumne. A short canal section across Staten
Island would transfer 6,500 from the South Fork to the North Fork Mokelumne. Additionally,
flood flows from Stone Lake would pass over the canal into Snodgrass Slough through a gated
weir. The canal ~each between Lost Slough and Mokelumne River would be designed to be
overtopped with floodwater. This would require flood gates in the canal at both ends of this
reach. Enlarged Clifton Court Forebay would be increased to twice its present capacity. There
would be an additional intake on Old River near Indian Slough. New fish screens would be
required at the New Hope Channel intake and at both intakes to the forebay, and a more efficient
fish collector system installed at the Delta Mendota Intake Channel. The CVP would continue to
pump their exports from the Delta..
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The other alternati~.,e is the New Hope Cross Channel and South Delta Intake Channel. This
facility would combine the New Hope Cross Channel (as described) with a South Delta Intake
Channel. There would be no enlarged forebay plan. The South Delta channel is a 12-mile canal
which would be On the Peripheral Canal alignment, between the San Joaquin River and Clifton
Court Forebay. Water would be released into Middle River for water quality purpose.

Isleton Cross Channel (with and without forebay enlargement)

Several versions .of this alternative have been proposed. This particular plan is the least
expensive. A new channel 6,100 feet long, would be constructed between the Sacramento River
at Isleton and Georgiana Slough to transfer more water through the central Delta and reduce
reverse flow in the western Delta. The channel would be designed to handle a maximum
combined tidal and transfer flow of 25,000 cfs, with a net flow of 10,000 cfs. Intake works
w.ould include tide control gates and fish screens. Georgiana Slough would be widened between
the canal and the South Fork Mokelumne River. Clifton Court Forebay would be enlarged using
a portion of Byron Tract, and,some South Delta channels would be dredged ~to increase
conveyance capability. This alternative version i~ described in DWR Bulletin 76, July 1978.

Pumping Water from Clifton Court Forebay to a Portion of SDWA Users ~

This alternative proposes to pump water out of Clifton Court Forebay to the many SDWA
agriculture users on the Delta islands. As a minimum there would need to be a pipeline installed
on both sides of Old River from Clifton Court Forebay to Upper Roberts Island. ,In addition,
there would be many distribution service lines throughout the south Delta.

Enlarge Clifton Court Forebay with." Byron Tract," North Victoria; South Victoria;
Coney Island; or Union Island

Several forebay enlargement single component plans are being examined. The purposes of the
expansion are to approximately double the forebay area and storage capacity for better pumping
flexibility, and to have a larger and more northerly intake location to minimize the impact of gate
operation on south Delta water levels and to access better quality water. The hydraulic impacts
of an .enlarged forebay are based on the intake gate location and surface area of the forebay
rather than on the configuration of lands used. Siphons would be used to hydraulically connect
the existing forebay to the expanded forebay.

South Delta channel control structures, channel enlargement, and enlarged
forebay at: Byron Tract," North Victoria; South Victoria; Coney Island," or Union
Island.

Several forebay enlargement plans with flow control structures included are proposed. The
purpose of the expansion are to approximately double the forebay area and storage capacity for
better pumping flexibility, and to have a larger and more northerly intake location to minimize
the impact of gate operation on south Delta water levels and access to better quality water. The
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hydraulic impacts of an enlarged forebay are based on the intake gate location and surface area
o,f the forebay rather than on the configuration of lands used. Siphons would be used to
hydraulically connect the existing forebay to the expanded forebay.

Up to four channel control structures would be installed in south Delta channels (see Section 2.4,
Proposed Action - The Interim South Delta Program, Components 4 and 5), and would include a
shift in export pumping times with an increased maximum rate of 10,300 cfs. The pumping rate
would be increased during high flow winter months and-could take advantage of any .available
water banking facilities. Expo.rts would be lowered during fish migration periods to reduce.
impacts to the various species. The larger forebay would give greater pumping flexibility with
less impact on local channels because of the increased storage capacity. Greater intake capacity
would permit more flexible operation with the tide cycle by diverting during high tide periods,
and when combined with the more northerly location, would help improve water levels in the
south Delta channels~ The flow control structures would improve the low water levels,
circulation, and water quality above these sites. A barrier at the head of Old River could be
closed during salmon ~pawning season and during migration of salmon smolt to prevent entrance
-to Old River.

Mathena Landing Canal

This isolated canal facility wou|d function, similar to the Peripheral Canal. It would be
constructed in stages. The first stage would be the Mathena Landing Cross Channel, .including
fish screen and tide. Grand Island Channel, and South Stub Canal. As water demandsgate,
increased and operational experience in managing Delta flows for fish and water quality control
gained, the second stage would be built. This would include construction of a connection from
.the Mokelumne South Fork to the South Stub Canal. Siphons would be constructed under the
Mokelumne River, Disappointment Slough, the San Joaquin River, and at Old River at Clifton
Court. A pumping plant could be added to meet full transfer potential. Water release and
transfer facilities would be needed along the system. Improved fish screens would also ~be
needed at the intake. The capacity of the canal at the headworks would be 23,000 cfs.

West/Central Delta Canal

The West Delta Canal and the Central Delta Canal are two separate projects with different
alignments, but would have similar features and costs, and would have similar benefits and
impacts. Each would have an. 18,000 cfs urilined canal with headworks at Isleton. The
alignments traverse through several Delta islands and terminate at Clifton Court Forebay.
Physical features include fish screens, siphons, bridges, cross channel closures, and water release
structures. Good quality water would be transported to Clifton Court Forebay with certain
releases made at key locations along the alignment to provide positive downstream flows in
Delta channels.

.!
i
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Montezuma Hills Reservoir and Canal

This alternative would divert water from the Sacramento River by a 15~000 cfs pumping plant
into a 350,000 acre-foot reservoir in the Montezuma Hills. The reservoir would be filled to

! supply projects during periods of diversion curtailment. Water would pass from the reservoir
- through a tunnel and pipeline across the Sacramento and San Joaquin Rivers to a power plant
~ ,near Antioch~ which would utilize excess energy head. From that point, a canal would convey
! water to Clifton Court Forebay. Also, an alternative could be added to release water to Contra
~ Costa Canal.

Waterway Control Plan

This alternative Would use Delta channel structures to hydraulically isolate about one-third of the
Delta for conveying project water. Portions of levees upstream of th~ channel structures would
be rehabilitated to handle water levels. Control structures, or pumping plants, would divert
Sacramento River water into the Mokelumne River system through the Delta Cross Channel and
Georgiana Slough. This diverted water, combined with the Mokelumne River flows, would be
siphoned under the San Joaquin River. Middle River and Old Rivers, plus other channels, would
be used for conveyance from the siphon to the export pumps. Construction features include:
enlarged Delta channels, pumping plant, fish screens, navigation locks, fish passage facilities,
control structures, a siphon, channel closures, and levees.

North Stub Canal

This alternative is a full-sized canal, about 23,000 cfs, following the Peripheral Canal alignment
from Hood to the San Joaquin River. Water releases would be made into sloughs flowing into
the Mokelumne River for water quality purposes~ Good quality water would then be transported
through Middle and Old Rivers to the export pumps. There would be about 24 miles of canal, a
new intake and fish screen, and two siphons constructed.

South Stub Canal

This alternative, like the North Stub Canal, is a segment of the Peripheral Canal. It has the effect
of moving the pump intakes in the south Delta northward to the San Joaquin River west of
Stockton. The alignment would be from the San Joaquin River to Clifton Court Forebay. The
canal plan would be 12 miles long and would carry 18,500 cfs. Water releases would be made
into Middle River for water quality pui-poses. It would eliminate reverse flow in Old and Middle
Rivers, and reduce scour and tidal fluctuations in southern Delta.
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Mathena Landing Cross Channel and South Stub Canal

Mathena Landing Cross Channel, composed of two short reaches of channel, would be combined
with the South Stub Canal altemative to provide for water transfer through the Delta. Features
include: a three-mile channel with intake in SteamboatSloughand outlet theat Sacramento
River~ a four-mile channel with intake at Mathena Landing transporting water to South Fork
Mokelumne River; fish screens and tidal gates at the Sacramento River; South Stub Canal, 12
miles long, from San Joaquin River to Clifton Court; southeastDelta watercontrolfacilities;and
a siphon at Clifton Court.

!
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6. 0 Terrestrial Biological Information

Introduction.

The following discussion addresses the terrestrial biological resources in the vicinity of

the Interim South Delta Program (ISDP) and other elements associated with the State
Water Project (SWP), as well as the service area of the SWP. The following includes
detailed habitat descriptions, nomenclature of plant and wildlife species mentioned in the
text of the EIR/EIS, and information on the special stares species associated with the
Project.

For the purposes of this. section, the affected environment has been divided into three
discussions, including Project Area, State Water Project, and Service Areas. The Project

Area i~cludes tl’ie sites where construction activities are proposed,, including the fish
barrier, site at Old River (near Mossdale), new intake: structure at Clifton Court Forebay,

dredging area along Old River, two dredge disposal sites on. Victoria Island, and three
flow barrier sites at Grant Line Canal, Old River (near the DMC), and Middle River. The
State Water Project discussion focuses on those areas potentially affected by water level
fluctuations, increased water velocities, and changes in salinity. Areas included within
the this discussion are the Delta; San Pablo and Suisun bays; several reservoirs within the
SWP; andportions of both the Feather and Sacramento rivers. The Service Area
discussion includes eighteen counties scattered throughout the State which receive water
from the SWP. Methods of obtaining information to describe these resources are
described in more detail in the discussion of each Area.

The following documents where used in the preparation of this discussion:

¯ Final Wetland Delineation for the Interim South Delta Program Sacramento-San
Joaquin Delta, California (Botanical Research Group August 1994).

, Draft Sacramento-San Joaquin Delta Master Environmental Assessment
(CDFG/CDWR October 1993).

Biological Assessment.for South Delta Temporary Barriers Project (CDWR
February 1992).

¯ Sou?h Delta Water Plan Inc. OctoberManagement Biological Assessment(ECOS,
1987).
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South Delta Barriers Project." Assessment of Existing Fish, Wildlife and Plant
Community Resources and Potential Project Impacts (CDFG February 1992).

South Delta Barriers Project Fishery, Water Quality, and Vegetation Monitoring
Report 1993 (CDWR February 1994).

¯ Trend Analysis for Existing Biological Condition in the Bay/Delta Estuary
(CDWR February 1994).

.6.1 Habitats of theProject Area

Introduction

The following is a discussion of the habitats of the Project Area, including the following
sites: fish barrier site at Old River (near Mossdale), redesigned intake structure at Clifton
Court Forebay, Old River dredging site, two dredge disposal sites on Victoria Island, a
dredged material reuse site on Twitchell Island and flow barrier sites at Grant Line Cana!,
Old River (near DMC), and Middle River. These habitats are described based on existing
documentation of the south Delta and site reconnaissance conducted by ENTRIX
terrestrial biologists during the weeks of June 6 and 13~ 1994. The Twitchell Island site,was investigated on Jane 15, 1996 The purpose of these surveys was to map the habitats
at each project site, verify previous studies~ and update existing data on biological
resources. Surveys were conducted via small boat, by vehicle, and on foot. Infra-red
photography and 7.5 minute USGS topographical maps were used in the field ~for
orientation and habitat .mapping. Nomenclature of habitats discussed within this section
is based on The Preliminary Descriptions of the Terrestrial Natural Communities of.

California (Holland 1986).

Data from the temporary barriers project were utilized to describe the terrestrial resources
in the vicinity of the barrier sites. The temporary barriers project was developed as a

collaborative effort between the State and Federal agencies to develop information that-
to a better understanding of the impacts of the barriers, upon such elements aswill lead

water levels, circulation, water quality, and vegetation. Thus far the program has resulted
in three years of data which has been published annually. A thorough analysis of the data

set will be conducted at the end of the five.year monitoring period.

Habitats occurring at the variou~ Project sites ir~clude Coastal and Valley freshwater

marsh, riverine, Great Valley willow scrub, Great Valley Cottonwood riparian forest,
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cropland, ruderal habitat, Valley wildrye grassland .and blackberry thicket. The
distribution of these habitats is shown in Figures 10-2 through 10-8. The following
discussion includes a detailed description of the onsite habitats, including botanical
composition and expected wildlife usage. (Table 10-2 indicates the total habitat acreage
at each site).

Coastal and Valley Freshwater Marsh. Freshwater marsh occurs throughout the Delta,
typically at the base of levees and on in-channel islands, where tidal influences result in

regular Project Area, are in theinundation. Within the’ freshwatermarshes located
vicinity of the proposed intake structure, Middle River, and Grant Line barrier sites.
Patches of freshwater marsh also occur along the proposed Old River dredge site. In
open water ecotones, freshwater marshes intergrade with riverine habitats and in upland
ecotones with riparian scrub, riparian forest, and blackberry thicket habitats. The extent
of this habitat ranges from small isolated patches to large dense stand, with higher habitat
value. This habitat is dominated by tule, with patches of other species such as cattail and
common reed. Occasional isolated shrubs occur at scattered, locations throughout the
marsh habitat including California button-willo¢, shining willow, and Goodding’s black
willow. Other observed in freshwater wetlands include waterspecies emergent hyacinth,
water primrose, yellow iris, bugleweed, willow dock, water primrose, soft rush, umbrella
nut-sedge, willow-herb, and hedge bindweed.

The diverse structure of freshwater wetlands, including open water, cattails, bulrushes,

willow thickets and adjacent upland vegetation allows this habitat to support a wide
variety of wildlife species (Granholm 1989). Resident waterbirds, migratory waterfowl
and shorebirds, upland game birds, passerine birds, and small to medium sized mammals
commonly occur within~this habitat.

Within the Project Areas, freshwater marshes provide food, refuge, resting areas, and
breeding/nesting sites for hundreds of different bird, mammal, reptile, and amphibian
species. Wildlife species observed within the project area include several different
swallow species (barn, rough-winged, and cliff), green-backed heron, great blue heron,
mallard, American coot, northern harrier, red-winged blackbird, song. sparrow, marsh
wren, muskrat beaver, and western pond turtle.

Riverine. Riverine habitat is the most common open water habitat in the Delta and

at all the barrier and sites associated with the project. Riverineoccurs proposed dredging
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habitat is confined to the natural and manmade channels of the Delta and is generally
unvegetated, with~ infrequent colonies of aquatic plant species, such as water-hyacinth,

water-primrose, common waterweed, homwort, and parrot’s feather. Vegetation, when
present, is generally restricted to waterways with low water velocities and areas with low
levels of disturbance.

This riverine, aquatic habitat is utilized by .many species of wading birds, waterfowl,
shorebirds, gulls, terns, swifts, and flycatchers. It is also commonly, used by the western
toad, Pacific treefrog, river otter, muskrat, and beaver’ (Mayer and Laudenslayer 1988,
ABAG 1991). Many of the wildlife species occurring in this type of habitat are closely

¯ associated with adjacent marsh or riparian habitats (ABAG 1991).

Great Valley Willow Scrub. Willow scrub commonly occurs throughout the Delta, on
levee banks, in-channel islands, and other areas not generally inundated on a regular
basis. Within the Project Area, willow scrub occurs at the proposed intake structure, the
Old River fish barrier, and the following proposed flow barrier sites: Grant Line, Middle
River, and Old River (near DMC). Willow scrub occurs in association with cottonwood
riparian forest in upland sites and freshwater marsh at more mesic sites. This habitat is
dominated by dense stands of shrubs, such as sandbar willow, shining willow, California
button-willow., Himalayan blackberry, white alder, and, occasionally, black willow.
Where shrub cover is absent, herbaceous cover is often abundant, and includes the
following dominant species: Indian-hemp, yellow iris, centaury, vervain, umbrella nut-
grass, creeping bent grass, bugleweed, and hedge-nettle. In disturbed areas, Willow scrub
intergrades with blackberry habitat.

Willow scrub habitat provides, protective cover and nesting habitat for songbird species,
such as the song sparrow, black phoebe, California towhee, rufous-sided towhee, and
bushtit. Additionally, these habitats prOvide shelter and forage for wildlife species,
including mule deer, Audubon’s cottontail, California ground squirrel, western gray
squirrel, raccoon, Virginia opossum, striped skunk and coyote; as well as numerous birds,
including.the northern flicker, scrub jay, American crow, Brewer’s blackbird, American
robin, yellow-billed magpie, and mourning dov~ (Mayer and Laudenslayer 1988). Many
of the species associated with this riparian scrub utilize the adjacent aquatic habitat for
foraging, resting and breeding, including the green-backed heron, western toad and
Pacific treefrog. Species such as the ash-throated flycatcher and western wood pewee

forage along the riparian edge for terrestrial life stages ~of aquatic insects (ABAG 1991).
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Wildlife species observed within the willow scrub habitat in the Project Area. include the
ring-necked pheasant, California quail, several species of sparrows (song, Lincoln’s,
white-crowned, and sage); house finch, scrub jay, brown-headed cowbird, bushtit, black-
chinned hummingbird, Brewer’s blackbird, red-winged blackbird, green-backed heron,
mallard, wood duck, northern harrier, California ground squirrel, black-tailed jackrabbit,

muskrat, western pond turtle, and beaver.

Great Valley Cottonwood Riparian Forest. Historically, riparian forest was common
throughout the Delta, occurring in association with most waterways, including rivers and
sloughs. Currently, riparian habitat occurs at scattered locations throughout the Delta,
including one remnant stand of cottonwood riparian forest located near the proposed

Grant Line barrier site. At the Grant Line site, a mature stand of Fremont cottonwood
forms a nearly contiguous overstory and integrates with freshwater marsh. The
understory ranges from dense to open, and is composed of black willow, sandbar willow,
and shining willow. Other understory species include Himalayan blackberry, California
blackberry,. California button-willow, Indian hemp, California rose, coyote brush, and an
immature California black walnut. Herbaceous cover is common in areas where shrub
cover is sparse or non-existent, and includes. Santa Barbara sedge, hoary nettle, creeping
wild rye, bracken fern, and hedge-nettle. In disturbed areas, tree canopy includes many

non-native species, including Monterey pine, coast redwood, Modesto ash, Canary Island
pine~ acacia, tree of heaven, alepo pine, and gum tree. Herbaceous cover in disturbed
sites includes many .non-native species, including Italian thistle, ripgut brome, milk-
thistle, periwinkle, and poison-hemlock.

Cottonwood riparian forest also occurs in the vicinity of the Old River fish barrier site on
the east bank of the San Joaquin River. At this site, cottonwoods are scattered along the
levee bank with an understory of ruderal Weeds and scattered shrubs. At the Middle
River site, riparian forest occurs on an in-channel island and is dominated by mature
black willows with an understory of shrubs, including California button-willow, sandbar
willow, shinning willow, and California rose.

Many wildlife species reside ih, or riparian forest habitats. These areas provideutilize
refuge and shelter, food and water, resting and nesting sites for at least 50 amphibian and
reptile species, 147 bird species, and 55 mammal species. The high species diversity is         ’

attributed to the complexity of habitat structure created by a multi-layer composition of
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trees, slarubs, vines, and both herbaceous and aquatic vegetation (Mayer and            "
Laudenslayer 1988).

Riparian trees, .such as cottonwood and valley oak contain broken branches which create
nesting cavities for a variety of birds, including the white-breasted nuthatch, plain
titmouse, screech owl, violet-green swallow, tree swallow, and downy woodpecker. The
yellow warbler, warbling vireo and northern oriole nest and feed high in the canopy.
Black-headed grosbeaks occur in the mid-canopy range, while song sparrows, mfous-
sided towhees and Swainson’s thrush prefer the dense thickets of the understory for
nesting and feeding (Small 1974). The leaf litter produced from deciduous trees creates a
microhabitat for a number of snails, worms, centipedes, spiders, toads, salamanders,
snakes, lizards, and mice, which form an important prey base for a number of birds and
mammals. Mule deer, raccoon, skunk and red fox utilize riparian habitats for food and
water.

Wildlife species observed within the Project Area include raptors such as the red-tailed
hawk, nesting Swainson’s hawk, barn owl, and great homed owl; several different
woodpeckers (Nuttall’s, hairy, and downy); northern oriole, warbler and vireo, rufous-
sided towhee, black-headed grosbeak, scrub jay, American crow, and great blue heron.

.Cropland. Cropland is the most abundant habitat in the Delta, and occurs at both the
proposed dredge disposal sites on Victoria Island and adjacent to many of the proposed

structures and dredging sites. Crops planted within the Project Area include wheat,
asParagus, sugar beets, safflower, and com. General cropping practices result in
m0notypic stands of vegetation for the growing season, and bare ground in the fall and
winter. In areas not intensively cultivated, such as fallow fields, roads, ditches, and levee
slopes, regular maintenance precludes the establishment of ruderal vegetation, or native
communities. At the Victoria Island dredge disposal sites, maintenance activities along

ditches and drains preclude the establishment of emergent vegetation or trees typically
~sociated with agricultural habitats.

Numerous wildlife species, especially rodents and birds, occur within cropland habitats;
despite regular disturbance. Birds, such as waterfowl, raptors, doves and ring-necked
pheasants, often occur in these agricultural habitats. Croplands that are routinely flooded

provide freshwater habitat for wetland species, including wading birds, shorebirds, and
gulls (Mayer and Laudenslayer 1988). ~
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The grain fields of the Delta provide feeding and roosting sites for wetland-associated

birds such as shorebirds, wading birds, gulls, waterfowl and geese, including Aleutian
Canada goose. When agricultural wetlands are flooded they attract substantial numbers
of migratory shorebirds and ~aterfowl, such as the greater yellowlegs, long-billed
dowitcher, long-billed curlew, western sandpiper, greater white-fronted goose, mallard,
and northern pintail.

Wildlife species observed or potentially occurring within the Project Area include raptors,
such the red-tailed Swainson’s American northern andas hawk, hawk, kestrel, harrier,
white-tailed kite; upland game birds such as the mourning dove and ring-necked
pheasant; passerines, Such as the western meadowlark, house finch, and song sparrow;
reptiles, such as the western fence lizard, gopher and garter snakes; and mammals, such
as the California ground squirrel, black-tailed jackrabbit, Audubon’s cottontail, house
mouse, and Virginia opossum.

Ruderal Habitat. Ruderal habitat occurs throughout the south Delta and is common on

levee banks in the vicinity of all the proposed flow barrier sites; the fish barrier site at Old
River; Twitchell Island dredged material reuse site, and intake structure at Clifton Court
Forebay. Ruderal habitat also occurs along the levees of Old River at the dredging site.
This habitat includes herbaceous cover with scattered shrubs and riprap. Species.
composition includes many non-native, weedy species, such as short-podded mustard,
milk-thistle, yellow star-thistle, sow’s ear thistle, ripgut brome, canary grass, fiddle neck,
poison-hemlock, foxtail, nightshade, amaranthus, and common cheeseweed. Scattered

trees and shrubs in this area include tree tobacco, Himalayan blackberry, coyote brush,
and giant reedl

While ruderal habitats have lower values to wildlife and fewer species thanmay support
habitats such as riparian scrub and forest, they do provide an important source of food
and shelter to some species. Larger, less disturbed, ruderal areas would be expected to~
attract similar wildlife species as croplands or riparian scrub, especially if the area is
dominated by shrubs and has a large herbaceous component. Degraded or unvegetated ¯
areas such as’ riprap would only attract species tolerating disturbed conditions such as
rock dove, house.finch, house sparrow, California ground squirrel~ house mouse and
Norway rat.

A6-7

C--087671
C-087671



Blackberry Thicket. Blackberry thickets are abundant on levee banks throughout the

Delta, and occur at the Middle River, Grant Line, and Old River flow barrier sites. These
thickets integrade with riparian habitats and are Characteristically monotypic, stands of
Himalayan blackberry with scattered and isolated trees and scrubs including coyote
brash, sandbar willow, shining-willow, and white alder. Blackberry thickets occur in
association with ruderal habitats, however a herbaceous understory is not evident within

these thickets.

These dense stands of non-native blackberries provide resting, thermal, and escape cbver

for local resident wildlife, especially during the winter months when adjacent cropland is
fallow. Expected wildlife use in the winte.r includes the ring~necked pheasant, yellow-
rumped warbler, white crowned sparrow, black-tailed jackrabbit, coyote, gopher snake,
Norway rat, and Audubon’s cottontail. During the spring and summer, blackberry
thickets provide nesting sites for such species as red-winged blackbirdl Brewer’s
blackbird, mourning dove, and northern mockingbird. Resident bii’d species observed at
these sites during the site reconnaissance included the California towhee, mfous-sided
towhee, California quail,, northern mockingbird, red-winged blackbird, Anna’s

hummingbird, and, in the densest areas, winter wren. Mammal use,. detected onsite by
tracks, scat or other e~,idence includes the river otter, raccoon, and Virginia opossum.

Valley Wildrye Grassland. Valley wildrye grassland is dominated by dense, monotypic
i ¯ stands of creeping witdrye and occurs only a.t the proposed northern intake site. Other

species occurring within the habitat include curly dock, stinging nettle, willow herb,
mugwort, and bull thistle. Valley wildrye grassland integrates with willow scrub habitat.
In some areas, the habitat is disturbed by mowing and road maintenance. Aei’ial photos
and scattered tire ruts indicate that this area has been previously graded, although now
revegetated.

Wildlife species observed at this site include the barn swallow, red-winged blackbird,
western fence lizard, rufous-sided towhee, black phoebe, and homed lark. Wildlife
expected in this habitat include ring-necked pheasant, morning dove, western meadow
lark, striped skunk, Virginia opossum, and coyote.
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6.2 Habitats of the State Water Project

Introduction

The following discussion includes those areas potential!y affected by the proposed project
including the Delta (with emphasis on the south Delta); San Pablo and Suisun bays;
several .reservoirs within the SWP; and portions of both the Feather and Sacramento

rivers. The classification of habitats within this discussion is based on A Guide to
Wildlife Habitats of California (Mayer and Laudenslayer 1988).

Habitats of the Sacramento-San Joaquin Delta

The Sacramento-San Joaquin River Delta System occurs where these and other rivers
meet in the Central Valleyand flow westward into Suisun and San Pabl~o bays and,

ultimately~ reach the San Francisco Bay. Habitats of the Delta are generally freshwater,

integrating with the brackish and saltwater habitats at Suisun Bay to the west. The Delta

includes numerous islands, ranging from large to small, separated by rivers, sloughs, and
canals. Prior to settlement, this area was a vast mosaic of seasonal andpermanent
wetlands, with riparian forests occurring in upland areas. The modem Delta is a highly
managed system of controlled waterways and productive, farmland, with s~attered
remnants of the original habitats. This discussion of terrestrial biological habitats is
based on the Trend Analysis for Existing Biological Conditions in the Bay/Delta Estuary
(DWR 1994e), limited field recormaissance conducted by ENTRIX biologists,

supplemented with other existing documentation and the experience of ENTRIX
terrestrial biologists. The habitats of the Delta include freshwater emergent wetland,
riverine, lacustrine, riparian forest, riparian scrub, eucalyptus forest, grassland, ruderal
habitat, cropland, andpastureland (DWR !994e).

Freshwater Emergent Wetland. Freshwater emergent wetlands occur throughout the
Delta System, in areas where soils are inundated or saiurated for all or most of the
growing ~eason, primarily occurring around Delta islands, backwater areas, and in thin

bands along the Delta rivers and channels where accumulation of sediments has occurred.
Other freshwater emergent wetlands occur on Delta islands in low-lying areas among
crop and pasture land. Typical emergent vegetation found in this habitat include tules,
cattails, rushes, sedges and grasses.
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Freshwater emergent wetlands are extremely productive and impoi-tanthabitat for
hundreds of different species of birds, mammals, reptiles, and amphibians. Many species
entire life cycles rely on this habitat while migratory, species, such as ducks and geese,
use these wetlands seasonally.

Riverine. Riverine habitat includes the river channels and sloughs associated with the
Sacramento and San Joaquin rivers. These two rivers combine with other smaller rivers,

such as the Cosumnes River and Mokelumne River, to create a large network of dverine
habitat. Because these rivers, merge at a low elevation, they tend to accumulate nutrient.s
which makes the water turbid and the substrate silt laden. Many different habitats occur
adjacent to riverine environments, including riparian and freshwater marsh habitats.

Many species rely on riverine habitat and the associated adjacent habitats. Bird species,
including herons, shorebirds, and songbirds commonly forage in this habitat.

Amphibians, such as newts and frogs, are closely associated with the riverine
environment. Also, several mammal species are linked to river habitats, including the
river otter, mink, muskrat, and beaver (Mayer and Laudenslayer 1988).

Lacustrine. Lacustrine habitat includes a variety of open water environments, including
lakes, ’reservoirs, and ponds. Lacustrine habitats Such as dead end sloughs, forebays, and
flooded islands can be found within the Sacramento~San Joaquin Delta, The primary
plants associated with lacustrine environments include phytoplankton, floating aquatic,
and emergent aquatic, species. Riparian forest habitat commonly occurs in association
within lacustrine habitats.

Within the Delta, lacustrine habitats provide foraging .habitat for a variety of wildlife
species. Large lacustrine habitats attract fish-eating birds, such as tems, grebes,
cormorants, herons and waterfowl. Lacustrine habitat also provides foraging habitat for
many mammal species, including the beaver, river otter, and muskrat.

Riparian Forest. Ripadan forest habitats are generally found in association with aquatic
environments such as riverine, wetland, and lacustrine .habitats, where the ground water
table is generally high. The riparian forest habitat is ch.aracterized by trees, such as
various willows, cottonwood, sycamore, valley oak, and white alder. Typical understory

species include wild grape, wild rose, California blackberry, poison-oak, and shrubby
willows (Mayer and Laudenslayer 1988). Riparian forest habitat is scattered throughout

A6-10

C--087674
C-087674



the Delta System on islands, along levees, in backwater areas, in sloughs, and in thin
bands along river channels.

These areas provide refuge and shelter, food and water, resting and nesting sites for at
least 50 amphibian and reptile species, 147 bird species, and 55 mammal species (Mayer
and Laudenslayer 1988). Many birds including woodpeckers, owls, and swallows, use
cavities in riparian trees as nest sites. Other birds nest among the branches, including
warblers, vireos, ~and grosbeaks., Mammals, such as mule deer and raccoon, utilize

riparian corridors for shelter, food, and water.

Riparian Scrub. Riparian scrub habitat is generally found in .association with aquatic
en.vironments, including riverine, lacustrine, and riparian forest habitats. This habitat

includes woody plant spec.ies that maintain a shrubby stature, including button-willows,
sandbar willows, dogwood, and white alder. In some Delta locations, Himalayan
blackberry scrub is common on maintained levees. Generally, many of the wildlife

species that use riparian forest habitat also occur in riparian scrub.

Eucalyptu~s Forest. Eucalyptus habitats range from monotypic ,stands with little or no
understory to scattered trees with a well-developed herbaceous and shrubby understory.

, ¯ When eucalyptus trees are planted in groves or rows, the understory is typically
composed of non-native annual grfisses. Trees established as small groves in native plant
communities contain well-developed understories, including blue elderberry, button-
willow, black willow and assorted annuals (Mayer and Laudenslayer 1988). Eucalyptus
stands are scattered throughout the Delta complex, occurring mostly near homes and! marinas where the trees were most likely .planted as wind breaks.

Eucalyptus trees provide perching and nesting sites for many raptor species, such as red-
tailed hawk, barn owl, and great-homed owl. Also, eucalyptus stands provide important
rookery sites for great egrets and snowy egrets (ABAG 1991).

Grassland. Grassland habitat is typically dominated by non-native annual species of
grasses and forbs, including wild oats, soft chess, fipgut brome, wild barley, broadleaf
filaree, turkey mullein, California oatgrass and Pacific hairgrass (Mayer and
Laudenslayer 1988). Depressions within grassland habitats may collect water duringthe
rainy season, creating seasonal wetland.or vernal pool habitat important to. many different
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organisms. Grasslands occur in many outlying areas surrounding the Delta and on
island~ within the Delta complex.

Grasslands provide foraging and denning habitat for several mammal species, such as the
California ground squirrel, badger, skunk, and coyote. Other common species include the

ring-necked pheasant, western meadowl~k, red-tailed hawk, western toad, and gopher
snake.

Ruderal Habitat. Ruderal habitats are generally composed of non-native plant species
adapted to tolerate disturbed conditions. Within the Del~a complex, these disturbed
conditions are ~predominant on most of the levees. The constant disturbance of road
traffic and levee maintenance create ideal conditions for ruderal plant colonization. The
rip-rapped banks of the inner levees are regularly disturbed habitat where pioneering
ruderal species exist. Many non-native grasses and forbs occur in this habitat, as well as
some native species, such as California poppy, telegraph weed, and coyote brush.

Ruderal areas generally have lower values for wildlife. However, many species utilize

this habitat. Many wildlife species found in grassland and cropland habitats also occur in
disturbed habitats. Native species which tolerate the conditions of ruderal habitats
include the western fence lizard, Brewer’s blackbird, lessor goldfinch, and California
ground squirrel. This habitat also supports many non-native species of wildlife, including
the rock dove, house finch, house sparrow, European starling, ring-necked pheasant,
house mouse and Norway rat. Where prey bases are well established and disturbance
levels are low, ruderal habitats may be used as foraging habitat for raptor species,
including white-tailed kite, American kestrel, northern harrier, and red-tailed hawk.

Cropland. Within the Delta complex, croplands consist of a wide variety of crop types,
including sugarbeet, corn, tomatoes, flee, wheat, barley, alfalfa, sunflower, and asparagus.
Cropland habitat also includes orchards which occur throughout the Delta, including
pears and occasionally walnuts, apples, peaches, apricots and almonds. These crops are
highly maintained for weed control with herbicides, consequently plant species diversity
is Very low.

Croplands are adjacent to nearly every leveed waterway within the Delta system, and may
provide important foraging habitat for many species of wildlife that are typically found in
adjacent aquatic habitats. The Swainson’s hawk and other raptors that nest in riparian
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stands along the Delta rivers, commonly forage on adjacent cropland habitat. Grain fields
within the Delta provide feeding and resting sites for many species of migratory and
resident wildlife, including ducks, geese, wading birds, ring-necked pheasant, and
mourning dove. Croplands that are routinely flooded (e.g., for irrigation" or weed control)
provide freshwater habitat for wetland species, including wading birds, shorebirds, and
gulls (Mayer and Laudenslayer 1988). Small mammals, such as voles, gophers, rabbits,
rats, and mice, are abundant in cropland habitat. Other larger mammal species also
utilize cropland habitat for foraging, including coyote, red fox, mule deer, and raccoon.

Pastureland. Pastureland is perennial habitat maintained for livestock through irrigation
and seeding practices. The quality of this non-native habitat varies with the type of
livestock, location, and other management practices. Dominant plant species include

non-native perennial grasses and legumes, inc!uding dallis grass, orchard grass, Bermuda
grass., white clover., bird’s-foot trefoil, harding grass, and Kentucky fescue.

Althot~gh pastureland habitat is non-native, it still provides for wildlife. Mule
deer seek these rich foraging areas. Many birds, including ring-necked pheasant,
waterfowl, sandhill cranes, and other ground-nesters use pastureland if adequate residual
vegetation is present (Mayer and Laudenslayer 1988). During winter migrations,
pastureland provides important habitat for waterfowl within the Delta complex.

Habitats of the San Pablo and Suisun Bays

Located to the west of the Delta, the Suisun and San Pablo bays include the Suisun Marsh

and both freshwater and brackish habitats.The of these habitats issupport extent
influenced by freshwater flows from the Delta. Thisdiscussion of terrestrial biological
habitats is based on the Trend Analysis for Existing Biological Conditions ~in the

Bay/Delta .Estuary (DWR 1994e), supplemented with other existing documentation and
the experience of ENTRIX terrestrial biologists.

Intertidal Mudflats. Intertidal mudflat habitats occupy the general zone between 2.5
feet below mean low water and mean level tide, and are inundated and exposed twice
daily during low tides (CDWR 1994). Algae is the predominant vegetation found on

"these mudflats. Intertidal mudflats occur in both San Pablo and Suisun Bays, and
integrade with open water and saline emergent wetland habitats.
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When intertidal mudflats are exposed, animals such as arthropods and mollusks present a
rich food source for several different species of shorebirds. Common migratory
shorebirds include marbled godwits, western sandpipers, and willets. Great blue herons

and other wading birds hunt in the shallow water areas adjacent to this habitat. Mammals
such as raccoons, Virginia opossum, and foxes forage in intertidal mudflats.

Saline Emergent Wetlands. Saline emergent wetlands include salt and brackish
marshes within the Bay estuary system. Vegetation within this habitat includes tules,
cattails, pickleweed, and eordgrass. The distribution and occurrence of plant species
within saline emergent wetlands varies with fluctuations in salinity and periods of
inundation. These fluctuations in salinity and inundation periods are affected by
freshwater inflow fromthe Delta and tidal cycles, respectively.

¯ Within San Pablo and Suisun Bays saline emergent wetlands are used by many species
including salt marsh harvest mouse, California clapper rail and California black rail.
Several birds, including the black-crowned night heron, great blue heron, snowy egret,
great egret, white-tailed kite, marsh wren, noflhern harrier, and many species of

waterfowl occur in saline emergent wetland habitat.

Freshwater Emergent Wetland. Freshwater emergent wetlands occur in San Pablo and
Suisun Bays in areas where salinity is low and soils are inundated or saturated for all or
most of the ’growing season. This habitat exists primarily within the freshwater’
environment of the Sacramento-San Joaquin Delta and at other sources of freshwater,

such as along the Napa River. Suisun Bay supports freshwater emergent habitat in diked
areas. Other freshwater emergent wetlands occur on Delta islands in low-lying areas
am6ng agriculture and pasture land. Typical emergent vegetation occurring in .this
habitat includes tules, cattails, rushes, sedges, and grasses.

Freshwater emergent wetlands associated with San Pabio and Suisun Bays support many
of’ the same wildlife species associated with the freshwater emergent wetlands of the

Delta.

Open Water. Open Water habitat includes the deepwater areas of San Pablo and Suistm
Bays. The dominant plant species occupying thi~ habitat are various forms of
phytoplankton. Eelgrass is the only dominant rooted aquatic plant in open water habitat,

. and limited to 22 locations within San Francisco and San Pablo Bays (CDWR 1994).
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Open water habitats occur in association with intertidal mudflats and saline emergent

wetland.

The open water habitats of San Pablo and Suisun Bays provide foraging opportunities for
a variety of bird species. Resident species commonly associated with these areas include
the double-crested cormorant, California gull, ring-billed gull and herring gull. During
winter, these bays are also used by migrating such as canvasback, red head,watelfowl
ring-necked duck, greater scaup, lesser scaup, common goldeneye, and buffiehead.

Estuarine. Estuarine habitats occur where the tidal marine saltwater environment meets
freshwater from inland rivers. The mixing of salt and freshwater creates a brackish water
environment which is extremely productive and important to many wildlife species.
These conditions exist where the Delta River complex meets San Francisco Bay near
Antioch, and extend into Suisun and San Pablo Bays. Estuarine habitats are closely
related to adjacent intertidal and marshland habitats that estuarine species frequently

utilize.

Salt Ponds. Salt ponds were created by diking of saline intertidal marshes throughout the
San Francisco Bay Estuary. Large areas of San Pablo Bay have been converted to salt
ponds that evaporate salts from sea water. Generally, these areas support little vegetation
other than widgeon grass; but green and blue-green algae may be common (ABAG 1991).
The ’quality of salt pond habitat is related to salinity levels, and ponds with low to

moderate salinities often have considerable wildlife values (CDWR 1994).

Although salt ponds are non-native .habitats, many waterbirds use them for foraging, and
nesting. Some of the species occurring in this habitat include Caspian terns, American
avocets, killdeer, and western snowy plover. During the winter, many species of
waterfowl forage and reston salt ponds, including canvasback, buffiehead, and American
widgeon.

Habitats of the Feather and Sacramento Rivers

The following section describes the habitats of the Feather River downstream from Lake
Oroville to theSacramento River, and the Sacramento River from the confluence of the
Feather River dgwnstream to the Delta. Theserivers carrywater from Lake Oroville to
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downstream water diversions, including the Banks pumping facilities at Clifton Court

Forebay and, as such, are part of the SWP.

Habitats occurring along ~these water courses are described here~ based on existing
documentation, field experience of ENTRIX staff, and limited field reconnaissance

conducted on July 21, 1994 by ENTRIX terrestrial biologists. The purpose of these
surveys was to map the habitats at each project site, verify previous studies, and update
existing data on biological resources. Habitats occurring along the banks of these
waterways include valley-foothill riparian, cropland, and ruderal habitat.

Valley-Foothill Riparian. The banks of the Sacramento and Feather Rivers support

various riparian habitats including several phases of ripa .rian habitat:, scrub, woodland and
forest types. These habitats are in general referred to as valley-foothill riparian. Within
woodland and forest habitats, dominant tree species include Fremont coilonwood,
Califomia black walnut, valley oak, Califomia sycamore, Oregon ash, and black willow.

Woodland habitats generally occur on higher elevation terrace soils, where tree can01~ies
are touching, but do not overlap. Understory within these woodlands is generally
variable, with shrub density ranging from low to high. Riparian forest habitats generally

~ occur in association with rivers and river floodplains that support trees with overlapping
canopies and dense understories, including species, such as California grape, box elder,
sandbar willow, California blackberry, red willow, white alder, and button-willow.

. Where. shrubs are absent, the understory is a lush herbaceous layer, includi.ng stinging
nettle, barnyard grass, Baltic rush, ’willow herb, water smartweed, bulgeweed, beggar’s

ticks, Indian rice cut grass, nutTgrass, and rabbit’s-foot grass..

These habitats support a variety of wildlife species, including resident bird, reptile, and
mammal ~species, such as the California towhee, Bewick’s wren, belted kingfisher, scrub
jay, rufous-sided towhee, western fence lizard, Pacific tree frog, striped skunk, raccoon,
beaver, and mule deer. Additionally, riparian habitats provide nesting and migrating
cover for many migratory songbird species, ~including blue grosbeak, tree swallow,
yellow-romped Warbler, lazuli bunting, western tanager, and northern oriole.

Cropland. Cropland habitat includes orchards, vineyards, and both field and row crops.
Orchards and vineyards are more common along the fiver side of the levees and are
generally small to large monotypic stands of trees or vines, including English walnut,

prune, peach, pear, kiwi, apple, grape, and almond. Field and row crops are relatively
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more common on the landward side of the levee. Crop rotation varies annually, in this
region and includes alfalfa, ~wheat, barley, tomatoes, sugar beets, corn, rice, safflower,
and irrigated pasture.

Wildlife use of these areas varies throughout the growing season with crop type, level of
disturbance, and available cover. Orchard and vineyard typically support resident
species, such as scrub jay, northern mockingbird, yellow-billed magpie, Am.~rican crow,
and northern flicker. During the winter, orchard habitats provide foraging habitat and
roosting sites for songbird species, including white-crowned dark-eyedmany sparrow,
junco, golden-crowned sparrow, lessor goldfinch, and yellow-rumped warbler. Species
associated with field and row crops include the red-winged blackbird, European siarling,
western meadowlark, Califomia ~vole, black-tailed jackrabbit, western harvest, mouse,
Botta’s pocketgopher, raccoon, stripped skunk, and Virginia opossum. Croplands
provide foraging habitat for many raptors, including the northern harrier, red-tailed hawk,
and white-tailed kite. Fields with ponded or saturated condition~ during the winter may
support wintering waterfowl and shorebirds such as mallar& northern pintail, greater

yellowlegs, long-billed dowitcher, dulin, western sandpiper, and least sandpiper.

Ruderal habitat. Ruderal habitat is common along levee slopes as described in the
Delta. Species occurring in ruderal habitats include many non-native species tolerant .of
regular levee maintenance, including yellow-star thistle, short-podded mustard, soft
chess, foxtail, annual ryegrass, wild oat, fennel, bind weed, Russian thistle,
lambsquarters, rough cocklebur, and Bermuda grass. Cover and species composition is

highly.variab!e depending on soil type, frequency of dist’urbance, and type 6f disturbance.
Riprap and bare ground are common features within this habitat type.

Wildlife associated with cropland habitat also use ruderal habitats. Depending on
disturbance and available plant cover, ruderal habitats may provide important over-
wintering habitat for many resident species of wildlife, including the ring-necked

phe.asant, morning dove, house finch, Brewer’s blackbird, California ground squirrel,
black-tailed jackrabbit, and California vole.
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Habitats of the State Water Project Reservoirs

The following discussion describes the habitats of the primary water storage facilities of
the SWP, including Lake Oroville and San Luis Reservoir in northern California; and
Pyramid, Perris, Silverwood, .and Castaic lakes in southern California.

T̄he northern California reservoirs were surveyed by ENTRIX terrestrial biologists during
the week of July 18, 1994. The southern California reservoirs where surveyed by
ENTRIX terrestrial biologists during the week of July 5, .1994. These surveys were
conducted via boat, vehicle, and on foot to map habitats at the perimeter of the reservoirs
and collect data on species occurring within the habitats. ~The purpose of these surveys
was to map the habitats at each project site, verify previous studies, and update existing
data on biological resources. The following description is based on the results of those
field surveys mad augmented with additional information from previous documentation

and personal communication with agency specialists.

Mixed Chaparral/Coastal Scrub. Mixed chaparral/coastal scrub habitat occurs on the
slopes and shorelines surrounding Perris, Pyramid, Castaic, and Silverwood Lakes.
Mixed chaparral consists of a variety of shrubs including chamise, scrub oak, big berry
manzanita, mountain mahogany, yucca, and bigpod ceanothus. Blue elderberry occurs
infrequently throughout the mixed chaparral habitat. This habitat type is characterized
by open to dense shrubland, ranging from 30-100 ~percent cover and 3-15 feet in height.

The height and density of mixed chaparral plant species vary with soil conditions,
precipitation, and fire frequency. Within the study area, mixed chaparral integrates with
coastal scrub. This mapping includes small tO large inclusions of coastal scrub habitat, as
well as areas dominated by shrubs from both community types. These patches include
stands of purple sage, white sage, rabbit brush, California sage, and California
buckwheat. At Pyramid Lake bigcone Douglas-fir and juniper occur on the steep north.
facing slopes within mixed chaparral habitat. Scattered hol!y-leaved cherry trees occur
along north facing slopes surrounding Castaic Lake.’ Scattered stands of coast live oak
occur in mixed chaparral habitat at several locations surrounding Silverw0od, Castaic,
and Pyramid Ldkes.

At Lake Oroville, mixed chaparral occurs on steep south-facing slopes and includes dense
stands of green-leaf manzanita, with other shrubs such as scrub oak, buckbrush, poison-
oak, coffeeberry, and California buckeye. OCcasional scattered trees within this habitat
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type include foothill pine, interior live oak, blue oak, .and black, oak. Mixed chaparral
integrates with mixed oak woodlands.

Many animals utilize these habitats, including mammals,, birds, and reptiles. Brush
rabbit, black-tailed jackrabbit, and mule deer forage and seek cover within these shrub
habitats. Shrub habitats provide foraging and nesting habitat for many bird species
including the rufous-sided towhee, California quail, and California thrasher. Raptors,
such as the red-tailed hawk, prairie falcon, and Cooper’s hawk, hunt above the shrub
canopy. Bird species observed at the southern California. reservoirs include the scrub jay,
common raven, greater roadrunner, Anna’s hummingbird, mourning dove, and song
sparrow. Reptiles observed in this habitat include the western fence lizard and, at Lake
Perris, granite spiny lizard. Other species expected in this habitat include the black bear,

bobcat, mountain lion, Merriam’s chipmunk, California ground squi.rrel, western
rattlesnake, coast homed lizard, and alligator lizard.

Valley’-Foothill Riparian. Riparian generally occurs at the shorelines andhabitat in
association with tributaries that enter Pyramid, Castaic, Perris, and Silverwood Lakes.
The dominant plant species observed in these habitats include sycamore, black willow,
Fremont cottonwood, and occasional white aldei- and Oregon ash. Understory species
include sandbar willow, giant reed, California bay, tamarisk, stinging nettle, and mulefat.
Species composition varies from one habitat to another, depending on location,
disturbance, and substrate. Habitats dominated by sycamores occur in protected canyons

where larger tributaries enter the reservoirs, presumably on deeper soils. Habitats
dominated by willows and mule fat occur in less protected areas on shorelines and        ’

with smaller tributaries. The shoreline of Perris Lake includescanyons eastern
extensive riparian canopy with a well developed understory. A portion of this area is
designated as a waterfowl hunting area. At the San Luis Reservoir riparian habitat was
limited to scattered patches of mule fat and occasional willows. No riparian habitat was
observed at Lake Oroville.

Riparian habitats provide nesting, thermal, foraging, and escape cover for a variety of
bird species, including the black phoebe, red-winged blackbird, brewer’s blackbird, ash-
throated flycatcher, northern rough-winged swallow, scrub jay, black headed grosbeak, ’

California Nuttall’s and California towhee. Mammalquail, woodpecker,plain titmouse,
species, such as the Merriam’s chipmunk, mule deer, coyote, black bear, mountain lion,
and raccoon, utilize riparian corridors for shelter, food, and water.
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Montane Hardwood-Conifer Forest. Montane hardwood-conifer forest occurs on the
south shore of Silverwood Lake on a steep north facing slope. This habitat includes both

broadleaf hardwoods and coniferous trees that form a closed forest. Within this habitat,
dominant conifers include Douglas-fir, ponderosa pine, and incense-cedar integrating
with hardwoods such as canyon live oak and black oak. The understory of montane
hardwood-conifer habitat at Silverwood Lake includes coffeeberry, gooseberry, and
mugw0rt.

The conifer forest at Silverwood Lake provides habitat for a wide variety of wildlife
species. Bird species Occurring within this habitat include the acorn woodpecker, ash-
throated flycatcher, scrub jay, .and various grosbeaks. The western gray squirrel, mule
deer, and raccoon also seek cover and forage in this habitat. Reptiles expected in this
habitat include the westem rattlesnake, westem fence lizard, and Califomia kingsnake.

Oak Woodland. Within the State Water Project facilities, several phases .of oak
woodland habitat occur at the various reservoir facilities, including blue oak, interior live

oak, coast live oak, and mixed oak woodlands. These phases vary in location, structure
andspecies composition. A brief discussion of each of these. Oak woodland habitats

appears below.

Isolated patches of blue oak woodland habitat occur at lower elevations bordering Lake
Oroville on south facing slopes. At these sites, composition includes blue oaks ranging
from scattered to open, with occasional foothill pine. The understory is dominated by
non-native annual grasses, .including dog-tail grass, soft chess, ripgut brome, and red
brome. Shrub cover is generally sparse, but includes mountain mahogany, buckbrush,
and scrub oak.

Scattered blue oak woodlands also occur on the western shore of the San Luis Reservoir,
where tree cover is dominated by mature blue oak, but also includes coast live oak, and
California buckeye. Within these woodlands shrubs are common and include blue
elderberry, poison-oak, California sage, sticky monkey flower, and coyote brush. The
herbaceous layer is composed of native and non-native species, including purple needle
grass, soft chess, horehound, short-podded mustard, red brome, tocalate, wild oat, naked-

stemmed buckwheat, and common fiddleneck.
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Isolated patches of coast live oak woodland occur at scattered locations in association
with chaparral and coastal scrub habitats. These areas are dominated by coast live oak
with understories including California sage, chamise, and California buckwheat.

Interior live oak woodlands occur at Lake Oroville on all aspects at elevations below
1,000 feet, and on south-facing slopes at elevations above 1,000 feet. Below 1,000 foot
elevations, interior live oak woodland is the dominate habitat. Interior live oak is the
dominant tree species, with occasional blue. oak and foothill pine. Canyon live oaks

occur protected areas, including north-facing slopes, canyons,along drainages.in and

Shrub cover is generally dense and includes scrub oak, green-leaf manzanita, mountain
mahogany, buckbrush, and California buckeye. Herbaceous cover is sparse, including.
annual non-native grasses.

Extensive mixed oak woodlands occur at elevations above 1,000 feet surrounding Lake
Oroville. At elevations below 1,000 feet, mixed oak.woodlands occur on north and east
facing slopes. These dense woodlands are composed of canyon live oak, black oak, and
interior live Oak. Other trees within the canopy include Califomia bay, madrone,

California and Lower ~levation woodlands lessbuckeye, big-leafmaple. are generally
dense ~and include foothill pine and blue oak. At higher elevations ponderosa pine,
Douglas fir and incense cedar are common. The understory is characteristically dense,
including red bud, green-leaf manzanita, mountain mahogany, deerbrush, sticky monkey
flower, and poison oak.

Oak woodlands throughout the State support a diversity., of wildlife species. Resident
wildlife species expected within these habitats include the acorn woodpecker, northern
flicker, wild turkey, plain titmouse, black-tailed jackrabbit, American crow, California

Bewick’s wren, western fence lizard, and mule deer. Wildlife observed inquail, coyote,
the oak woodlands at Lake Oroville include the California ground squirrel, western gray
squirrel, scrub jay, acorn woodpecker, and turkey vulture. Wildlife observed at the San

Luis Reservoir include the western bluebird, white-breasted nuthatch, American kestrel,
coyote, and mule deer. At the southern California reservoir sites, oak woodlands occur in
isolated patches at scattered locations, and wildlife use is similar to the surrounding
chaparral and coastal scrub habitats.

Annual Grassland. Extensive annual grasslands surround the San Luis Reservoir,

integrating with blue oak woodlands terrain. Annual provide theon, rolling grasses
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dominant cover in this habitat, including wild oat, soft chess, red brome, and rat-tailed

fescue. As these sites are not grazed, thatch is generally thick providing high quality

cover for rodents and other small grassland species. Remnant stands of native grasses are

common throughout the grassland habitat at scattered, undisturbed locations. Native

grasses observed include purple needle grass, creeping wild rye, and onion grass. Shrub

cover is. uncommon within the grassland, however, isolated patches of quail, bush, ,bush

lupine, and coyote brush occur at scattered locations, providing perch sites, and both

thermal and escape cover for many species of wildlife. Other plant species occurring

within this habitat include short-podded mustard, telegraph weed, gum plant, tocalate,

Russian thistle, naked stemmed buckwheat, Italian thistle, and narrow-leaved milk weed.

Rock outcrops are common throughout the grassland.

Annual, grasslands support a diversity of bird species, providing nesting or foraging

cover. Bird species observed at the San Luis Reservoir site include the killdeer,

loggerhead shrike, white-throated swift, ring-necked pheasant; American crow, rufous-

crown sparrow, rock wren, and western meadowlark. Extensive grasslands also provide

foraging habitat for many raptor species. The following raptors were observed foraging

at the site: red-tailed hawk, American kestrel, Swainson’s hawk, white-tailed kite, and

northern harrier. Mammal species detected in the field at the reservoir by tracks, scat, or

sight included the California vole, black-tailed jackrabbit, California ground squirrel, and

coyote.. Reptiles observed in the grassland habitat include the western rattlesnake,

southern alligator lizard, and western fence lizard.

Developed/Disturbed. Disturbed habitat occurs at the shores, of si!verwood, Pyramid,

Castaic, and Perris Lakes. This habitat includes recreational, residential, and commercial

land uses, such as. picnic areas, well-maintained parks~ marinas, parking lots, bait and

snack shops, sidewalks and .trails. Native vegetation within these areas has generally

been replaced, by non-native trees such as eucalyptus, tamarisk, and exotic pines and

junipers.

Developed/disturbed areas are generally poor habitat for wildlife species. Quali.ty of this

habitat varies with level of disturbance and the amount of vegetation on the site.

Landscaped or park areas provide moderate habitat for species adapted to disturbance

such as the rock dove, scrub jay, .American crow, common raven, mouming dove, house

finch, raccoon, and Virginia opossum~ More urbanized habitat, such as parking lots and

bait shops, provide very limited habitat value.
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Lacustrine. Lacustrine habitat includes the deepwater areas at all reservoir sites.
Typically, the dominant plant species occurring in this habitat type are various forms of
phytoplankton. Common adjacent habitats include riparian scrub and riparian forest
habitats. Where freshwater emergent, wetland occurs in association with the lacustrine
habitats, these areas have been mapped as riparian. At the reservoir sites, freshwater
emergent vegetation was uncommon, due to the continual fluctuations of water levels
within the reservoirs. However, some’freshwater emergent wetland is present at
Elizabeth Canyon at Castaic Lake, where shallow sandy ledges and a high water table

hydrophytic vegetation. Intermittent and perennial tributaries of Py.ramid,support

Castaic, and Silverwood Lakes support smal! isolated patches of freshwater emergent
wetland habitat. Freshwater emergent wetland was not observed at either Lake Oroville or
the Sar~ Luis-Reservoir. When water level~ are low, exposed shorelines are a common
feature of the reservoirs, and include rocky, sandy or silty substrates. These areas are
usually devoid of vegetation, but ruderal species occurs in some areas, including
cocklebur, Bermuda grass, tree tobacco, and non-native annual grasses.

Lacustrine areas provide foraging habitat for a variety of bird species. Birds observed

foraging in the southern California reservoirs include the belted kingfisher, Caspian tern,
ring-billed gull,. California gull, Clark’s grebe, western grebe, great blue heron, and
osprey. Bird species observed foraging over/in lacustrine habitats at Lake Oroville
include the barn swallow, western grebe, and great blue heron. Bird species observed at
the San Luis Reservoir include the California gull, pied-billed grebe, osprey, common
egret, spotted sandpiper and killdeer. Other birds expected in this habitat include double-
crested cormorant, bald eagle, white-throated swift, cliff swallow, violet-green swallow,
northern rough-winged swallow, and various tern, loon, and waterfowl species.
Lacustrine habitat provides foraging and resting habitat for migrating waterfowl such as
teal, northern shoveler, pintail and Canada geese.

6.3 Special Status Species of the Project Area and the State
Water Project

Introduction

Prior t6 beginning the EIR/EIS process, DWR and BOR requested information from the
resource agencies on special status species which occur within the project area. In

!
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addition, searches of the CNDDB and the CNPS Electronic Inventory resulted in several
species which are known to occur within the Delta. The following is a discussion of
special status species that occur within the Project Area and/or SWP and are not expected
to be affected by the construction or operation of ISDP. SPecies which may be affected
by the project are discussed in detail in Section 10 of the EIR/EIS~

The following discussion of special status species is based on extensive literature review,
field reconnaissance to identify habitats, the experience of ENTRIX staff, a search of the
CNDDB and CNPS Electronic Inventory, and consultation with agency specialists. The
focus of this discussion is on those species designated as Rare, Threatened, or
Endangered by the CDFG and USFWS. Additionally, those species designated Category
1 Candidates for federal listing are analyzed in more detail, than other special status
species.

Plants

Antioch Dunes Evening-primrose (Oenothera deltoides ssp. howellii). The Antioch
Dunes evening-primrose occurs on inland stabilized dunes along remnant river bluffs and
sand dunes. The distribution of this species includes seven occurrences within the Delta
and the San Pablo/Suisun B~y area. Several successful replanting projects have resulted
in populations along New York Slough and on Brannan and Browns. islands (CNDDB
1994). Because the Antioch dunes evening-primr0se occurs in upland areas of the Delta
at sites well removed from the Project sites, it is’ not expected to be affected by the
construction or operation of thelSDP.

Contra Costa Goldfields (Lasthenia conjugens). This annual species occurs in Vernal
pools, seasonal wetlands, and mesic grasslands surrounding the Delta and Suisun Marsh.
These habitats are not hydrologically connected to the waterways of the Delta, and,

therefore, are not expected to be affected by water fluctuations associated with the
implementation of the ISDP.

Contra Costa Wallflower (Erysimum capitatum ssp. angustatum). This perennial herb
occurs on stabilized dunes within the San Pablo-Suisun Bay area. This species is only
known from the Antioch Dune National Wildlife Refuge, which has been designated as
the Critical Habitat pursuant to the federal Endangered Species Act (Skinner and Pavlik
1994a). Contra Costa wallflower occurs in areas well removed from the Pi’oject sites that~
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not subject to tidal influences,, and, therefore, is not expected to be affected by the
construction and operation oflSDP. ’

Delta Coyote Thistle (Eryngium racemosum). Delta coyote thistle is a perennial herb
that occurs on floodplains associated with riparian scrub habitats and day soils.~ The
distribution of the Delta coyote thistle includes the eastern Delta and along the lower San
Joaquin Rivei" (MGA 1993b). Historical occurrences from the Delta indicate that this
spedies once 6ccurred within the south Delta, however these occurrences are now

extirpated (CNDDB 1994). Extensive of the south Delta did not locatesurveys any

populations of Delta coyote thistle (MGA 1993a). Therefore, Delta coyote thistle is not
expected withinthe south Delta.

Northern California Black Walnut (Juglans californica ssp. hindsii). This deciduous
tree is common to urban and agricultural areas throughout the Central Valley.¯ Concems
for the protection of the original stands of black walnut in Sacramento, Napa, and Yolo
counties led to the listing of this species as a federal candidate (Category 2). One sapling
was observed in the riparian fores~ near the proposed Grant Line barrier (Figure 11-3).

Before European settlement in California, northern California walnut trees occurred on
high terraces associated rivers and creeks. With the settlement of California, many of
these trees were used for lumber (CNDDB 1994). Additionally, settlers introduced the
eastern black walnut and the English walnut to California. Both of these other species

form fertile hybrids with the native black walnut. In the following years, the genetic
stock of the native walnuts was contaminated with the introduced genes. Stands of
genetically clean black Walnuts are only known from Mt. Diablo (Contra Costa County)
and Capell Creek (Napa County) (Fuller 1978). The black walnuts of the Delta are
generally believed to include genetic material from both English and eastern black walnut
(Heather Townsen pers. comm.). For these reasons, implementation of the ISDP is not
expected to result in significant impacts on populations of northern California black

walnuts.

Palmate-bracted Bi~’d’s-beak (Cordylanthus palmatus). Palmate-bracted bird’s-beak

occurs in alkaline habitats from Alameda, Yolo, and Colusa counties. Suitable habitats
for this species include alkali grassland and iodine bush scrub (CNDDB 1994).
Extensive surveys of these habitat types in the Byron Tract area did not located
populations of palmate-bracted bird’s-beak. Both of these habitats are not associated
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with the Waterways of the. Delta, and, therefore, ar~ not expected to be affected by the
implementation of the ISDP.

Soft Bird’s-beak (Cordylanthus mollis ssp. mollis). This annual hemiparasitic herb is
known from scattered populations in coastal salt marshes. Populations within the SWP

are known form the Benicia State ~ark, Hastings Slough, Point Pinole, Suisun Marsh
(Joyce Island), Suisun Bay (Middle Point), Hill Slough and Grizzly Island (CNDDB .
1994). These populations are well ~removed from the ISDP project sites, and are not
expected to be affected by the operation of ISDP.

Suisun Thistle (Cirsium hydrophilum var. hydrophilum). This perennial herb is known
from three populations restricted to Suisun Marsh, where this species occurs in
saltmarshes with halophytic vegetation, including saltgrass, pickleweed, and alkali heath.
This plant may rely on disturbance for population recruitment (CNDDB 1994). Project
operations are not expected to affect these populations.

Invertebrates

Lange’s Metalmark B~ttertly (Apodemia mormo langei). Lange’s metalmark butterfly
is endemic to the stabilized dunes along the San Joaquin River within the Antioch Dunes
area, where it feeds on nectar from several species of wildflowers including its primary
host plant wild buckwheat (Eriogonum nudum var. auriculatum) (CNDDB 1994).

Because these populations are well removed from the ISDP project sites and project
operations will not affect the habitat for this species, implementation ofISDP is not
expected to have an effect on Lange’s metalmark butterfly.

San Joaquin Dune Beetle (Coelus gracilis). San Joaquin dune beetle occurs in the
sandy substrates of the fossil dunes along ~the western edge of the San Joaquin Valley.

~The Antioch Dunes is the type locality of this species where it was last observed in 1974.
The San J0aquin dune . beetle is now considered extirpated at this site due to habitat
alteration (CNDDB 1994)..

Fairy Shrimp. Three fairy shrimp, conservancy fairy shrimp (Branchinecta
conservatio), longhorn fairy shrimp (Branchinecta longiantenna), and vernal pool fairy
shrimp (Branchinecta lynchi), occur in swales and seasonal castatic vernal pools, that is,
pools that fill and redry one or more times in any given year. The Delta lies within the
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documented range of these ,species and although there i.s a lack of preferred soil (hardpan
or claypan) on the Delta islands, fairy shrimp may occur within the ephemeral vernal
swales and pools at the west margin of the Delta. Fairy shrimp have been located in
~ultivated fields within the region, therefore the possibility does exist for the occurrence
of these species in the grasslands and even drainage ditches within the SWPi particularly
on Byron Tract (MGA 1993a). These habitats on Byron Tract were surveyed in 1993 and
these species of fairy shrimp were not found (Harold Freeman pers. comm.). The ISDP
has been redesigned from earlier plans to avoid these habitats.

Yernal Pool Tadpole Shrimp (Lepidurus packardi). The vernal pool tadpole shrimp is
associated with ephemeral vernal pool habitats in isolated locations in the Sacramento
Valley, from the Vina Plains in Butte County south to the Sacramento area and west to
Jepson Prairie in Solano County. Although the Delta lies just outside the documented
range of this species and no populations are known to occur in the south Delta, its wide
tolerance of habitat types and proximity to the ISDP area suggests its occurrence is

possible, especially on Byron Tract (MGA 1993a). The seasonal wetland habitats on
Byron Tract were surveyed in 1993 and no vernal pool tadpole shrimp were found
(Harold Freeman comm.). The ISDP has been from earlier topers. red~signed plans

avoid these habitats.

Valley Elderberry Longhorn Beetle (Desmocerus californicus dimorphus). The Valley

elderberry longhorn beetle (VELB) occurs throughout the Central Valley from Redding
to .Bakersfield, and is closely associated with elderberry shrubs (Sambucus species) that
provide habitat for~ all stages of its life cycle. Both the blue elderberry (Sambucus

mexicana) and red elderberry (Sambucus racemosa var. micro.botrys) are used by the
VELB without distinct preference (MGA 1993a).

Female beetles lay eggs on the exterior of elderberry stems of one inch or more in
diameter. Typically th~ VELB chooses a stem with a diameter of 2 to 8 inches. After
emerging from the egg, the VELB larvae enter the stem of a host elderberry. After
developing within the stem, the VELB pupates into an adult and emerges, leaving an exit
hole. Adults use the elderberry hosts for resting, foraging, and mating (MGA 1993a).

Elderberries commonly occur tNoughout the south. Delta associated with riparian
understory and occasionally as isolated shrubs in Open areas, such as cropland, grassland,
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or ruderal habitats. No elderberries occur at any of the specific project site locations.
Therefore, VELBs~are not expected to occur within the Project Area.

Amphibians

California Red-legged Frog (Rana aurora draytonii). Historically, the California red-
legged frog occurred over much of California., including the Coast Ranges, Central
Valley, and, possibly, ~the southern Sierra Nevada. Currently, isolated populations of
California red-legged ~occur at scattered locations within the historical range, limited to
the Coast, Transverse, and Peninsular ranges.

California red-legged frog requires dense riparian vegetation of several form~. Emergent

herbaceous vegetation such as cattails and bulrushes provide areas of escape and points of
attachment for eggs (Stebbins 1985). Woody vegetation, such as willows, proyides cover
as protection and shade that maintains lower water temperatures. California red-legged
frogs are typicaliy not found in areas where these habitat elements are absent (Jennings

and Hayes 1992). Seasonal flooding, competition with introduced bullfrogs, and
predatory game fish preclude California red-legged frog from the Delta (MGA 1993a).
Therefore, California red-legged frogs are not expected in the Delta. Within the SWP
Servi~e Area, California red-legged frogs occur in Piru Creek at Pyramid and Castaic
Lakes (Cathy Brown pers. comm.). Operations in Piru Creek are not expected to change
with the implementation of ISDP. Implementation of the ISDP is not expected to affect
California red-legged frogs.

Arroyo Toad (Bufo~micoscaphus). The arroyo toad is known from five drainages and
several small scattered populations occurring along the central and south coast.
Populations are known from Santa Barbara, .Ventura, Los Angeles, and San Diego
Counties. Historically, populations were known from San Luis Obispo County.

Individuals ha.ve been recently sighted in Orange, Riverside, San Bernardino, and
Imperial counties. The arroyo toad is restricted to rivers that have shallow gravelly pools
adjacent to sandy terraees,with little or no emergent vegetation. Pools are required for
breeding and larval development. Adult toads dig burrows into the sandy terraces. Toads

may forage for insects in adjacent riparian habitat (USFWS August 3, 1993).

Within the SWP, the arroyo toad is known to occur within Piru and Castaic Creeks at
Pyramid and Castaic Lakes. These populations are confined to the tributaries and are not
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!
expected within Pyramid and Castaic Lakes. The survival of the Piru Creek population is
dependent on water releases from Pyramid Lake (Cathy Brown pers. comm.). Water
releases from Pyramid Lake are scheduled to mimic natural conditions with peak flows

I . during the winter, coinciding with the rainy season. These water deliveries can be

maintained with or without the implementation of ISDP (Jim Mason Pers. comm.).
Therefore, implementation of the ISDP would have no affect on these populations of
arroyo toad.

Tehaehapi Slender Salamander (Batrachoseps stebbinsi). This species occurs chiefly
in moist canyons and ravines in oak or mixed pine-oak woodlands. Populations of
Tehachapi slender salamanders are found scattered throughout the Tehachapi Mountains
generally at elevatior~s of 2,000-4,600 feet. Although Pyramid and Castaic Lakes are
within the documented geographic range of this species, the elevations of these ~reservoirs
2,578 feet and 1,515 feet, respectively, .may be too low. The general absence of suitable
habitat also probably excludes this species from these southern California reservoir sites.

Therefore, project operations are not expected to affect habitat for this sPecies.

Reptiles

Southern Rubber Boa (Charina bottae umbratica). The southern rubber boa occurs in
pine forests near streams and meadows from Mount Pinos and the San Bernardino, San
Jacinto, Greenhorn, and Tehachapi Mountains (CNDDB 1994). Suitable habitat may be
found in the hills in the vicinity of Silverwood Lake, and possibly near Lake Perris.
Changes in reservoir ,operations are not expected to affect stream or meadow habitats
which support this species.

Alameda Whipsnake (Masticophis. lateralis euryxanthus). This species is primarily
associated with chaparral habitat, but may also occur in grasslands, open woods, on rocky
slopes, and along open streams and arroyos. The geographical range of the Alameda
whipsnake is limited to Alameda and Contra Costa counties, and populations are known
from the foothills west of the Clifton Court Forebay (CNDDB 1994). The Alameda
whipsnake is not expected to occur within the low-lands of the Delta.

~.I
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Birds

California Brown Pelican (Pelecanus occidentalis californicus). The California brown
pelican occurs along the California coast and in coastal estuadne habitats.~ Within
California, nesting occurs onthe Channel Islands. The brown pelican occurs occasionally
on the Salton Sea, however they are not regular visitors to inland waters. Within the
SWP, California brown pelicans may forage in San Pablo and Suistm Bays (ABAG
1991). Changes in project operations are not expected to cause substantial changes in
these areas, therefore, California brown pelicans are not expected to be affected by
implementation of the ISDP.

Aleutian Canada Goose (Branta canadensis leucopareia). The Aleutian Canada goose
nests on islands of the Alaska Peninsula and Aleutian Archipelago. The Central Valley is
the main. wintering grounds for this species, where they forage mainly on green shoots
and seeds of cultivated grains, wild grasses, forbs, and aquatic plants (Zeine~ et al.
1990a). Considering the presence of croplands on Victoria Island and in the vicinity of
several of the proposed ISDP sites, Aleutian Canada geese may be found scattered
throughout the Project Area during the winter months: Aleutian Canada geese are known
to winter in the Delta, on Staten .Island (Miriam Green pers. comm:). During winter
months, these Canada geese may forage or rest in any cropland habitat throughout the
Delta. The wide spread nature of these sightings suggest that suitable foraging and
resting habitat is abundant while these birds are migrating through the Delta. Therefore,
the implementation of the proposed project is not expected to affect these populations.
Flocks of Aleutian Canada geese also Winter in the grassland habitats surrounding the San
Luis Reservoir (CDFG and CDWR 1989). Operation of ISDP would not affect these
populations.

California Condor (Gymnogys californianus). The California condor is the largest land
bird in NorthAmerica. California ,condors were formally widespread in western North

America from British Columbia south to Baja California. However, by the early 1980’s
their range had been reduced to mountain and foothill grasslands and forest habitats from
northem Los Angeles County, northward through the Coast Ranges to San Luis Obispo

County and northward through the western Sierra Nevada to Tulare County where they
foraged on carrion. By the late 1970’s, the population plummeted to 25-35 individuals
(CDFG 1991 ).
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The decline of this species was so rapid that in 1987 the last remaining 27 birds were
trapped for captive breeding. By !991 the captive population increased to 52. In 1992
two captive-hatched birds were released in the Sespe Condor Sanctuary in Los Angeles
County, but due to complications they were returned to captivity. Current reintroduction
efforts focus on northem Santa Barbara County where .three condors have been released
and more releases are planned (Ron Jurek pers. comm.). Pyramid and Castaic Lakes are
adjacent to the Sespe Condor Sanctuary. However, since the current population has been
removed from the Sanctuary, the presence of this species in the project region is unlikely

in the near future.

Wlaite-tailed Kite (Elanus caeruleus), The white-tailed kite is a resident species
commonly inhabiting grass.lands and cultivated bottomlands with scattered trees. White-

tailed kites require partially open foraging habitat, such as cropland and grassland, and
trees for roosting and nesting. This species nests in oak, willow, cottonwood, and
sycamore trees (Bent 1937). Cropland adjacent to riparian forests provides abundant
feedir~g areas; therefore, management of this species should include the preservation of
woodland trees for successful breeding and resting areas. White-tailed kites are

frequently observed foraging over the croplands and grasslands in the south Delta,
including the Project Area, at the site ofthe proposed Old River flow control structure.

White-tailed kites are known to occur throughout California, and were observed at the
San Luis Reservoir. Kites are expected to forage and nest at most SWP sites, including
the Delta; along the Sacramento and Feather rivers, San Pablo-Suisun Bay area, Suisun
Marsh, and at all reservoir sites. While the construction of ISDP may affect raptors (see

Section 10.3.4 of the EIR/EIS), the of ISDP is affectimplementation not expectedto
regional populations of white-tailed kites.

Bald Eagle (Haliaeetus leucocephalus). The bald eagle is primarily a wintering species
throughout California at lakes, reservoirs, rivers~ some range lands, and coastal wetlands.
The breeding range in California is restricted to the northern one-third of the state in
mountainous aquatic habitats; however, in recent years some pairs have nested in
southern California. The reasons for historical population declines have been identified
as development, agriculture, pesticides and contaminants, timber harvest activities, off-

road vehicles and efforts the isshooting. Throughmanagement breedingpopulation
increasing and the wintering population appears to have stabilized at about 1,000 birds

(CDFG 1991).                                  ,-
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Bald eagles feed on fish, waterfowl, and carrion. This species could be attracted to any of
the. reservoir sites as feedings and resting areas during winter. Additionally, Lake
Oroville supports a population of nesting bald eagles (Eric See pers. comm.). At the San
Luis Reservoir, a small wintering roost occurs south of the reservoir (CDFG and CDWR
1989). These birds are expected to hunt over the reservoir during the. winter months.
Reservoir operations are not expected to affect these populations of bald eagles.

.Golden Eagle (Aquila chrysaetos). The golden eagle is a California Fully Protected
species occurring throughout the State, Golden eagles are generally a resident species.
However, some individuals migrate up-slope to the Sierra Nevada for the nesting, season
and’d0wn-slope to the Central Valley for thewinter (Zeiner et al. 1990a).. The golden
eagle may occur as a winter visitor in the Delta and along the Feather and Sacramento
Rivers. While the construction of ISDP may affect raptors (see Section 10.3.4 of the
EIR!EIS), the implementation of ISDP is not expected to affect regional populations of

golden eagles. At the reservoir sites, golden eagles were not observed, but they may
utilize these sites as for foraging during the winter or summer. The changes is operations
are not expected to affect, regional populations of golden eagles.

American Peregrine Falcon (Falco peregrinus anatum). The American peregrine
falcon is an opportunistic forager and feeds primarily on a variety of birds, but
occasionally takes mammals, insects and fish. The most important habitat requirements
for peregrines are the availability of ledges and cliffs for cover, and large, high. cliffs
above water for nesting (MGA 1993a).

The historic breeding range ofperegrines extended from Mexico to Alaska. Presently,
the breeding range in California includes the coast, Channel Islands, inland north coastal
mountains, and the Cascade, Klamath, and Sierra Nevada ranges (MGA 1993a).
Peregrine falcons winter in and migrate through much of California, including the Central
Valley (Zeiner et al. 1990). Peregrines occasionally may feed on shorebirds in the Delta
during spring and fall migrations (MGA 1993a). American .peregrine falcons are
expected as an occasional and transient visitors within the SWP (Delta, Feather and

Sacramento rivers, and SWP reservoirs). Peregrine falcons may occur more frequently
over the San Pablo-Suisun Bay areas, as these areas are within the nesting range of this
species (Zeiner et~ al. 1990a). Peregrines are known to hunt in the area of the San Luis
Reservoir (CDFG and CDWR 1989.). Project operations within the SWP are not

to affect these populations of per.egrine falconlexpected
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California Clapper Rail (Rallus longirostris obsoletus). The California clapper rail is
restricted to tidal salt and brackish marsties, especially those containing abundant
invertebrate populations in tidal sloughs (Gill 1979).. Clapper rails forage for estuarine
and terrestrial invertebrates primarily in tidal sloughs~ The primary nesting habitat occurs
in low elevation cordgrass marsh within 10 meters of tidal channels. The upper marsh
habitat is also critical for survival, as this area provides cover from predators during high
tides (Shellhammer. and Harvey 1984). Within the SWP, the highest concentrations of
clapper rails occur in west and north San Pablo Bay, especially near the Napa River, and
in Suisun Bay (CDFG 1991; 1994). The operation oflSDP is not expected to result in a
substantial change to Suisun Marsh habitat, therefore implementation of this program is
not expected to affect the Califomia clapper rail..

As with the black rail. the lack of suitable habitat at the southern California reservoir sites
most :likely excludes clapper rails from the area. Therefore, it is doubtful that this species
would occur at any of the southern California reservoir sites.

California Black Rail (Laterallus jamaicensis coturniculus). As discussed previously,
California black rails occur within the Delta in dense emergent vegetation, where they
forage and nest in dense stands of cattails and bulrushes. Nests consist of small sticks
built at ground level or elevated slightly in the vegetation. Black rails feed on insects and
other small .arthropods on the mud surface or vegetation. Black rails also occur in the.
saltmarsh habitat throughout the San Francisco Bay, including San Pablo Bay, Suisun
Bay, and Suisun Marsh (CNDDB 1994). Because the operation of ISDP is not expected

to result in substantial changes to marsh habitat throughout the Delta and Suisun Marsh,
implementation of ISDP is not expected to affect California black rail populations.

Other populations of black rails are known from San Diego, San Luis Obispo, and
Imperial counties. Within the southern California portion of the SWP., very few locations
exist with suitable habitat at the southern California reservoir sites. This species is not
expected at any of the reservoir sites in the region due to lack of suitable habitat.

Greater Sandhill Crane (Grus canadensis tabida). Greater sandhill cranes are known to
nest in wet meadow and emergent wetland habitats in Oregon and California. Within

California, cranes are known to nest in Lassen, Modoc, Plumas, Shasta, Sierra, and
Siskiyou counties. Wintering grounds occur throughout the Central Valley, where greater
sandhill cranes congregate with the lesser sandhill cranes in flocks, reaching several
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thousand birds. Within the Central Valley, cranes winter in areas with expanses of

shallow water for evening roosting in the vicinity of cropland and grassland used for
foraging and loafing (CDFG 1991.). Within the Delta greatei- ~andhill cranes are known
to winter in several locations, and may forage in the cropland habitats at the dredge
disposal sites. Greater sandhill cranes are migratory birds that arrive in the Central Valley
by late September. The grain fields on the eastern side of the Delta provide critical

¯ wintering habitat for this species. The wintering population of greater sandhill cranes in
the Central Valley consists of approximately 3,000-3,500 birds. The largest
concentrations occur just south of Thornton in San Joaquin County, and in Butte’ County,
near Chico. Substantially smaller populations winter in Stanislaus, Merced, and Tulare
counties.

Greater sandhill cranes prefer shallow water habitats for nocturnal roosting. Within the
roosting area~ greater sandhill the cranes prefer areas with low .vegetation and they
generally avoid trees or tall vegetation. According to Walkinshaw (1973) there are
several essential features for successful wintering grounds: (1) there must be large
stretches of shallow water where the cranes can roost at night and get drinking water by
day; (2) the birds prefer regions adjacent to the night roost area where they can go in the
early morning to loaf for 15 to 20 minutes; (3) there must be feeding grounds within 12 to

18 miles of the roosting area; (4) there must be little disturbance in the .roosting region;
and (5) a temperate climate i,s preferred. Within the SWP, sandhill cranes are known to
winter in the east Delta (MGA 1993a), and in the grassland habitats near the San Luis
Reservoir (CDFG and CDWR 1989). Within the Delta, greater sandhill cranes may occur
at scattered locations throughout the Delta. Construction of the ISDP facilities is not
expected to affect the greater sandhill crane.

Western Snowy Plover (Charadrius alexandrius nivosus). This small shorebird is a
year-round resident of coastal areas and estuaries that nests on sparsely vegetated, sandy
to gravelly beaches, alkali lakes, and salt ponds. Populations located along the coast of
California have been designated as Threatened by the USFWS. Populations occurring at
inland locations are designated as ~Candidates for federal listing (Category 2). Within the
SWP western snowy plovers nest on the shores of north San Pablo Bay, this population is

designated as federally Threatened. Project operations would not affect this population.

California L~ast Tern (Sterna antillarum browni). The California least tern winters in
Latin America, returning each spring in April to coastal locations in California to nest in
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colonies. Within Califomia, the nesting habitat includes bare or .sparsely vegetated
substtates near the coast, ranging from the San Francisco Bay to Baja. These terns nest in
colonies usually on beaches, coastal wetlands, close to estuaries, bays, or harbors, where
fish are abundant (CDFG 1991). Within the SWP, California least terns nest and forage
in San Pablo and Suisun Bays, and the Suisun Marsh (ABAG 1991). Project operations
would not affect this species.

Western yellow-billed Cuckoo (Coccyzus americanus occidentalis). This migratory
species winters in South America; migrates through Mexico, E1 Salvador, and Costa

¯ Rica; and nests in riparian habitat throughout the United States west of the Rockies.
Locally, the cuckoo generally arrives by late May and departs by late September. Nesting
generally begins around mid-June and continues through mid-July, but considerable
variation may occur depending upon arrival and food availability. Within California,
cuckoos nest as far north as Tehama County. ¯ Other nesting locations include Butte
County along the Sacramento River; in Sutter and Yuba counties along the Feather River;
in Kern County along the Kern River, at scattered locations in the Mojave desert; at the
Parado Basin in Riverside and San Bernardino counties, and along the Colorado River

(MGA 1993a).

Suitable nesting sites occur within extensive .riparian forest with a dense understory of
willow, cottonwood, box elder, white alder, nettle, wild grape, and cattail. Proximity to
sloughs, lakes, and marshy areas also is important. The nests are generally 5 to 15 feet up
and consist of small sticks and twigs (Gaines 1974, 1977, 1978). Laymon (1980)noted
that nests are constructed on horizontal branches; however, this type of branch
configuration is missing in many riparian associations. Successful nesting in walnut
orchards indicates that the horizontal branching requirement can also be met in orchards.

Within the Delta, the occurrence of this species is restricted to areas of suitable riparian
forest or orchards. The CNDDB lists one historical sighting of western yellow-billed
cuckoos from the Delta and indicates that this population has been extirpated (CNDDB

1994). Due to fragmentation of riparian habitat within the Delta, extensive stands of
riparian forest are not available to support nesting western yellow-billed cuckoos.

Because this species migrates through California in the fall and spring, western yellow-
billed cuckoos may occur as transient visitor at scattered locations near the southern
California reservoir sites. Lake Perris, in particular, has a well-developed willow riparian
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!
forest along portions of the shore that could be utilized by western yellow-billed cuckoo

¯
during migration.

I

Within the SWP, western yellow-billed cuckoos may nest where extensive stands of ¯
riparian forest occur along the Sacramento and Feather rivers. The CNDDB reports four
sightings of western yellow-billed cuckoos along the Feather River. The operati6n of
ISDP is not expected to cause changes which would affect yellow-billed cuckoos or 1
riparian habitats.

Bank Swallow (Riparia riparia). The bank swallow is a migratory species that winters
in South America and breeds in much of North America. Although the species has never¯
been very abundant in California, has it nested historically from the upper Sacramento
Valley and Coast Ranges to southern California. The largest populations now occur¯
along the Sacramento River between Redding and Colusa (CDFG 1991).

In order to nest, bank swallows require vertical cliffs or banks that contain .sandy or
loamy layers in which they can dig nesting burrows. Suitable nesting habitat occurs

within the Delta, but no bank swallows colonies are known from this area. Locations of
suitable habitat include Eucalyptus Island and along the east end of the Grant Line-Fabian
Canal. Construction and operation of ISDP is not expected to affect these areas.

Within the SWP, bank swallows are known to occur along the Feather River, where the

CNDDB reports 19 locations of bank swallow nesting colonies from mile 2.5 to mile 54
along the river. The operation of ISDP is not expected to affect nesting habitat for these
birds.

California Gnatcatcher (Polioptila californica). This species occurs in coastal sage
scrub habitats at elevations up to 1,000 feet above sea level. Gnatcatchers are known
from the south coast region, including Los Angeles, Orange, San Diego, and portions of
Ventura, San Bemardino, and Riverside counties. Within the SWP, coastal sage scrub.

habitat surrounds the southem California reservoirs. However, these sites are above
1,000 feet, and gnatcatchers are not expected in these habitats.

Least Bell’s Vireo (Vire6 bellii pusillus). Least Bell’s vireo is a migratory songbird that
wits once widespread in the Central Valley and at low elevations throughout riverine
valleys in California. The least Bell’s vireo is a summer resident, breeding in early
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succession riparian scrub habitats including willow-cottonwood forests, oak woodlands,
shrubby thickets and dry washes (CFDG 1991; USFWS undated).. Least Bell’s vireos
forage for insects in the dense lower strata .in riparian .habitats, which emphasizes the
importance of dense continuous shrubby vegetation from the ground to canopy layer
(Franzreb 1989). Noticeable declines of this species were reported in the 1940s when
population decreases were documented in parts of southern California, and Sacramento’

and San Joaquin Valleys (Grinnell and Miller 1944; Goldwasser et al., 1980). Currently,.
the major remnant populations are located in Monterey, San Benito, Santa Barbara,
Riverside, Ventura, and San Diego counties southward into northwestern Baja (CDFG
1991; Franzreb 1989). A small population of least Bell’s vireo occurs along the Santa
Clara River located "approximately 10-20 miles south of Castaic and Pyramid Lakes
(RECON 1990). There is a possibility that vireos could occur along, streams and
shorelines associated with reservoirs with suitable riparian habitat at these reservoir sites.
Changes in reservoir operations at Castaic and Pyramid Lakes are not expected to affect
Least Bell’s vireos or their suitable habitats.

Mammals

Suisun Ornate Shrew (Sorex ornatus sinuosus). This endemic species occurs in tidal
and brackish marshes along the northern shores of San Pablo and Suisun Bays, extending
westward to Sonoma Creek and Napa Creek and eastward to Grizzly Island, including
Suisun Marsh, Cordelia Marsh, Sears Pt. Marsh, Southampton Bay, White Slough, South
Slough, Dutchman Slough, and Mare Island (CNDDB 1994; Williams 1983, 1986; Rudd

1955). Suisun shrews generally inhabit, tidal marshes characterized by California
cordgrass, pickleweed, and marsh grindelia; and brackish marshes dominated by
California bulrush and common cattail (Williams 1983, 1986; Rudd 1955). The primary
habitat structure is dense low-lying vegetation where invertebrates are abundant. This
habitat structure, not species composition, is the determining habitat feature for Suisun
shrews. Driftwood and other litter above the mean high tide line also play a role in
providing esse.ntial nesting and foraging habitat.

Uplands contiguous with marshlands are essential high tide refugias. These areas must
provide adequate food and cover tO sustain shrews during prolonged flooding periods

(Rudd 1955). The importance of upland and transitional habitats was demonstrated by
Hadaway and Newman (1971) when they found that Suisun shrews were usually trapped
at the interface between pickleweed marshes and upland vegetated levees dominated by
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grasses. Johnston and Rudd (1957) reported that Suisun shrews are probably similar to
salt-marsh wandering shrews in their requirements for marshlands that are not regularly
flooded (6 to 8 feet above sea level). The operation of ISDP is not expected to affect
known populations of Suisun ornate shrew.

Salt-marsh Wandering Shrew (Sorex vagrans halicoetes). Salt-marsh wandering shrew
occurs in the middle to upper elevations in tidal salt marshes dominated by pickleweed
that are not inundated on a regular basis.. The ~pecies requires continuous high levels of
moisture and cannot live in the highest marsh levels that are too dry. Lower areas that are

dominated by cordgrass and inundated daily do not provide suitable habitat. As a result
the species is restricted to a narrow portion of the Bay salt marshes, primarily in San
Pablo, Suisun, and San Francisco Bays (CDFG 1991). Operation oflSDP is not expected
to affect population of salt-marsh wandering shrew.

Riparian Brush Rabbit (Sylvilagus bachmani riparius). This species occurs along the,banks of the San J0aquin River, associated with the dense riparian thickets of wild rose,
willows, and blackberries (Williams 1986). The ~historic range o£the species extended
along the San Joaquin and Stanislaus rivers from Stanislaus County to the Delta region.
The only presently known population is found on the lower .Stanislaus River in Caswell
State Park near Manteca. Other small, isolated colonies may reside in suitable riparian
habitat between Caswell State Park and the confluence of the San Joaquin and Stanislaus
rivers (Williams 1986). The amount of suitable riparian vegetation present within the
SWP is limited, and the entire area is more than 20 miles from the only known riparian
brash rabbit population. Unless individuals occur within the remaining riparian scrub
vegetation along the remote sloughs of the San Joaquin River, the presence ofthis species
within the Delta is very unlikely (MGA 1993a).

Stephen’s Kangareo Rat (Dipodomys stephensi). This species inhabits annual grassland
with sparse perennial vegetation in the San Jacinto Valley and adjacent areas of western

Riverside, southwestern San Bernardino, and northwestern San Diego counties, where it
retreats to burrows during the day and feeds at night primarily on seeds. Within the SWP
this species occurs from Lake Perris to the eastern side of San Jacinto Valley. The major
threat to the Stephen’s kangaroo rat is habitat destruction and degradation (CDFG 1991).
Changes in reservoir operations are not expected to affect habitat for this specieL

!
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Salt-marsh Harvest Mouse (Reithrodontomys raviventris). This species is restricted to

salt marshes in San Francisco, San Pablo, and Suisun Bays (CNDDB 1994). The
preferred habitat of the salt-marsh harvest mouse has a thick continuous cover of
vegetation (100 percent) composed of greater than 60 percent pickleweed along with a
diverse assemblage of other marsh plant species, including fat hen and alkali heath.
Additionally, the habitat value of pickleweed increases with height and density (Harvey
and Stanley Associates 1980).

A secondary habitat of upper marsh Vegetation is essential during high tides when lower
tidal vegetation is inundated. The upper zone peripheral halophytes found in this
important area include alkali health, salt grass, jaumea, and California sea lavender. Very

high winter tides may force salt-marsh harvest mice into surrounding grasslands. If such
upper habitaV is not available, mice experience a high causality rate due either to
predation or drowning. Operation of ISDP is not expected to affect populations of the
salt-marsh harvest mouse.

Ringtail (Bassariscus astutus). The ringtail is a resident species of low and middle

elevation riparian forest and shrub habitats throughout California, except for the arid
portions of the San Joaquin Valley. Ringtails nest in hollow logs, trees, or snags; cavities
in talus and rocky outcrops; and occasionally in abandon burrows or woodrat nests.
These animals are primarily carnivores, but also eat fruit, nuts, and carrion. This species

is nocturnal, foraging on the ground and in trees, usually near water (Ziener et al, 1990b).
Within the SWP, ringtails are expected in mature riparian habitats along the Feather and
Sacramento rivers, and in the Delta on. high terraces safe from flooding. Ringtail are also
expected at all reservoir sites. Construction and operation of ISDP is not expected cause
significant impacts on local populations of ringtail.

6. 4 Biological Resources of the SWP Service Area

Introduction

The following is a description of the terrestrial biological resources of the SWP service
area which includes 18 counties in California that receive a portion of their water supply
from the SWP: These counties include Alameda, Butte, Imperial, Kings, Kern, Los
Angeles, Napa, Orange, Plumas, Riverside, Santa Barbara, San Bernardino, San Diego,
Santa Clara, San Luis Obispo, Solano, Stanislaus, and Ventura. These descriptions
include general vegetation and wildlife habitats, special status animals, and special status
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plants. To facilitate these descriptions the 18 ,counties have been grouped into seven
regional service areas based on the similarity of habitat types and species composition.
(Other discussions of the service area describe the these regions based on different
geographic arrangements.)

Northdrn Sacramento Valley Service Area

Vegetation and Wildlife Habitat
Butte and Plumas counties compose the Northern Sacramento Valley Service Area
(Figure 6-1). Habitats within this area include foothill woodland, rivefin.e, coniferous and
deciduous forests, grasslands, chaparral, seasonal and permanent wetlands, and

agricultural lands. Within the Service Area, the foothills, marshlands, and .riparian
habitats associated with the Feather and Sacramento Rivers are identified as important
biological resources. These habitats support 10 listed species of wildlife and five listed
plant species. Additional information on these listed species and other special status

species is listed in Table 6-1.

Special Status Wildlife
Within this area, suitable nesting habitat for the bald eagle occurs on large lakes, such as
Lake Almanor and Lake Oroville. Bald eagles also maintain several winter roost sites.
within the Service Area. Generally these are in close proximity to winter waterfowl
habitat, which pr6vide hunting grounds for the wintering population of bald eagles.
During the spring and summer, agricultural portions of this Service Area adjacent to
riparian areas provide foraging and nesting habitat for the state-threatened Swainson’s
hawk. Within the Service Area a small population of greater sandhill cranes nests in
Plumas County in wet meadow habitats. During the winter, cranes forage in cropland and

-~ grassland areas on the valley floor. Riparian habitat within Butte and Plumas counties
provides nesting habitat for both the state,endangered western yellow-billed cuckoo and
willow flycatcher and, where these areas support elderberries, the federally threatened
valley elderberry longhorn beetle. The banks of the Sacramento and F.eather rivers
provide nesting habitat for the state-threatened bank swallow. Freshwater emergent
wetland on the valley floor provides habitat for the federally threatened giant garter
snake. High-elevation portions of Plumes County. provide habitat for two state-

threatened mammals, the Sierra Nevada red fox and the California wolverine. Additional
information regarding these species and other special status wildlife of the Northern
Sacramento Valley Service Area is listed in Table 6-1.
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Figure 6-1. State Water Project Service Areas.
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA

Name State Federal Habitat Distribution Within the SWP Service Area

Plants

San Diego thorn-mint CE PE Chaparral, coastal scrub, valley-foothill grassland; and San Diego County.
Acanthomintha ilicifolia vernal pool

Munz’s onion CT PE On clay soils in chaparral, cismontane woo.dland, pinyon-Riverside County.
Allium munzii juniper woodland, and valley-foothill grassland

Large flowered fiddleneck CE FE Cismontane woodland and valley-foothill grassland Alameda County.
Amsinckia grandiflora

Hearst’s manzanita CE none Maritime chaparral, coastal prairie, coastal scrub and valley- San Luis Obispo County.
Arctostaphylos hookeri’ssp, hearstiorum foothill grassland ¯

Pallid manzanita CE PT On siliceous shale in broad-leaf upper-montane forest, Alameda County. tO

Arctostaphy.los pallida, chaparral, and cismontane woodland

Marsh sandwort CE FE Freshwater marsh and swamp San Luis Obispo, Los Angeles, and San I~.

Arenaria paludicola Bernardino counties. I~.

Clara Hunt’s milk-vetch CT PE On serpentinite or volcanic clay soils in cismontane Napa and Sonoma counties.
Astragalus clarianus woodland, and valley-foothill grassland

Peirson’s milk-vetch CE PE Desert dunes Imperial and San Diego counties. I

Astragalus magdalenae var. peirsonii

Coastal dunes milk-vetch CE PE Coast bluff scrub (sandy) and coastal dunes Los Angeles and San Diego counties.
Astragalus tener var. titi

Encinitas baccharis CE PE Maritime chaparral on sandstone substrate San Diego County.
Baccharis vanessae

Nevin’s barberry CE PE Chaparral, cismontane woodland, and coastal scrub, riparian Los Angeles, Riverside, San Bernardino, and
Berberis nevinii scrub in sandy or gravelly areas. San Diego counties.

Dwarf goldenstar CR C Coastal bluff scrub, chaparral, and valley-foothill grassland San Luis Obispo County.
Blooraeria humilis

Thread-leaved brodiaea CE PT On clay soils in coastal scrub, cismontane woodland, valley- :Los Angeles, Orange, Riverside, San Diego,
Brodiaeaf!lifolia foothill grassland, vernal pools and San Bernardino counties.
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status

Name State [ Federal Habitat Distribution Within the SWP Service Area

Dunn’s mariposa lily CR none On gabbroic or metavolcanic rocky substrates in chaparralSan Diego County.
Calochortus dunnii or closed-cone forests

Tiburon Indian paintbrush CT PE Val!ey-foothill grassland onserpentinite snbstrate Napa and Santa Clara counties.
Castilleja affinis ssp. neglecta

Succulent owl’s -clover CE PT Vernal pool Stanislaus County.
Castilleja campestris ssp. succulenta

Mt. Gleason Indian painibrush CR none On granitic substrates in lower coniferous forest Los Angeles County.
Castilleja gleasonii

California jewelflower CE FE Chenopod scrub, pinyon-juniper woodland, and valley-Kings, Kern, Santa Barbara, and San Luis
Caulanthus californicus foothill grassland Obispo counties. I~.

! Hearst’~ ceanothus CR none Maritime chaparral, coastal prairie, and coastal scrub San Luis Obispo County.
Ceanothus hearstibrum -

Maritime ceanothus CR none Maritime chaparral and valley-foothill grassland San Luis Obispo County. I~.
Ceanothus maritimus

Vail Lake ceanothus .. i2E PT On gabbroic or pyroxenite-rich outcrops in chaparral habitat Riverside County.
Ceanothus ophilochilus I

Camatta canyon amole CR C1 Cismontane woodland on serpenti.nite substrates San Luis Obispo County.
Chlorogalum purpureum var. reductum

Orcutt’s spineflower CE PE Maritime chaparral, closed-cone forest, and coastal scrub in San Diego C0unty~
Chorizanthe orcuttiana sandy openings

Chorro Creek bog thistle "CE - FE Serpentinite seeps associated with chaparral and cismontane San Luis Obispo.County.
Cirsium fontinale vat. obisponense woodland

La Grociosa thistle CT C Coastal dunes (mesic), and brackish marsh and swamp Santa Barbara and San Luis Obispo counties.
Cirsium loncholepis

Surf thistle CT C Coastal bluffscrub and coastal dunes Santa Barbara and San Luis Obispo counties.
Cirsium rhothophilum
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Table 6-1    SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)                                                    ~

Status

Name State Federal Habitat Distribution Within the SWP Service Area

Presidio clarkia CE FE Coastal scrub and valley-foothill grassland on serpentiniteAlameda County.
Clarkia franciscana substrates

Pismo clarkia CR FE Chaparral (margins, openings), cismontane woodland, andSan Luis Obispo County.
Claikia speciosa ssp. immaculate valley-foothill grassland

Salt marsh bird’s-beak .CE FE Coastal dunes and salt marsh Los Angeles, Orange, San Barbara, San
Cordylanthus maritimus ssp. maritimus Diego, Solano, and Ventura counties.

I sofi bird’s-beak ~ CR PFE Coastal salt marsh and swamp N.apa and Solano counties.
Cordylanthus mollis ssp. mollis

Palmate-bracted bird’s-beak CE FE Chenopod scrub and alkaline grassland Alameda County.

Cordylanthus palmatus
~0

Seaside bird’s-beak CE C Closed-cone forests, chaparral, cismontane woodland, Santa Barbara County. 0

Cordylanthus rigidus ssp. littoralis coastal dunes, coastal scrub on sandy soils I~.

Cuyamaca Lake larkspur CR none At mesic sites in lower coniferous forest and meadows Riverside and San’Diego counties... I~.
Delphinium hesperium ssp. O0
cuyamacae ~

Beach Spectaclepod CT C Coastal dunes and coastal scrub (sandy) Los Angeles, San Bernardino, and San Luis I
Dithyrea maritima Obispo counties. �O

Slender-horned spineflower . CE FE Alluvial fan supporting chaparral and coas.tal scrub habitatsLos Angeles, Riverside, and San Bernardino
Dodecahema leptocera counties.

Cuyamaca Lake downingia CE PE Meadows (mesic) and vernal pools San Diego County.
Downingia concolor var. brevior

Short-leaved dudleya CE PE Maritime chaparral (openings), and coastal scrub on TorreySan Diego County.
Dudleya blochmaniae sap. brevifolia sandstone

Marcescent dudleya CR PT Chaparral on volcanic substrate Los Angeles and Ventura counties.

Dudleya cymosa ssp. marcescens i

Laguna Beach dudleya CT PE .Chaparral, cismontane woodland, coastal scrub, and valley-Orange County.
Dudleya stolonifera " foothill grassland on rocky substrate
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

status

Name State Federal Habitat Distribution Within the SWP Service Area

Santa Ana River woolly star CE FE Chaparral and coastal scrub occurring on alluvial fans Orange and San Bernardino counties.
Eriastrum densifolium ssp. sanctorum .

Indian knob mountainbalm CE FE Maritime chaparral and cismontane woodland San Luis Obispo County.
Eriodictyon altissimum

Lompoc yerba s.anta CR C Closed-cone forests an’d chaparral in sandy areas Santa Barbara County.
Eriodictyon capitalum

, Conejo buckwheat CR none On conejo volcanic outcrops in chaparral, coastal scrub., and VenturaCounty.
Eriogonum crocatum valley-foothill grassland

Thome’s buckwheat CE C Pinyon-juniper wood.land San Bernardino County.
Eriogonum ericifolium var. thornei

San Di’ego button-celery CE FE At mesic sites within coastal scrub, valley-foothill grassland, Riverside and San Diego County.
Eryngium aristulatum var. parishi and vernal pool habitats .,

Delta button-celery CE none.. In vernally mesic riparian scrub habitats with clay substrate Stanislaus CQunty.

Eryngium racemosum

Mexican flannelbush CR PE On gabbroic, metavolcanic, or serpentinite substrates inOrange (?) and San Diego counties.
Fremontodendron mexicanum closed-cone forests, chaparral, and cismontane woodlands

Striped adobe-lily CT PT On adobe soil in cismontane woodland and valley-.foothiil Kern County.
Fritillaria striata ¯ grassland

Borrego bedstraw CR none Rocky substrates in Sonoran desert scrub San Diego County.
Galium angustifolium ssp.
borregoense

Alg0dones Dunes sunflower CE none Desert dunes Imperial County.
Helianthus niveus ssp. tephrodes

Red rock tarplant CR none Mojaven desert scrub on clay: soil Kern County.
Hemizonia arida

~Otay tarplant CE PE Coastal scrub and valley-foothill grassland on clay San Diego County.
Hemizonia conjugens substrates
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Table6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status

Name State Federal Habitat Distribution Within the SWP Service Area

Gaviota tarplant CE ~ C Coastal bluff scrub, coastal scrub, and valley-foothill Santa Barbara County.
Hemizonia increscens ssp. villosa grassland

Santa Susana tarplant CR none Sandstone rock outcrops in chaparral and coastal scrub Los Angeles and Ventura counties.
Hemizonia minthornii

Santa Cruz tarplant CE C Coastal prairie and valley-foothill grassland often on clayAlameda County.*
Holocarpha macradenia , soil

Tahquitz ivesia CR none On granitic substrates in upper-montane conifer forests .Riverside County.
lvesia callida

Beach layia CE FE Coastal dunes Santa Barbara County.*
Layia carnosa

Mason’s iilaeopsis CR none Brackish or freshwater marshes, swamps, and riparian scrub Alameda, Napa, and Solano counties.
Lilaeopsis masonii

Butte County meadow foam CE FE Valley-foothill grassland (mesic) and vernal pools Butte County.
Lirananthes floccosa ssp. californica

Sebastopol meadow foam CE FE Meadows (mesic) and vernal pools Napa County.
Limnanthes vinculans

Parish’s meadowfoam CE " PT Vernally mesic meadows and vernal pool Riverside and San Diego counties.
Limnanthes gracilis ssp. parshii

Sebastopol meadowfoam CE FE Vernal pool and vernally mesic meadows and grasslandNapa (?) County.
Limnanthes vinculans

Nipomo mesa lupina CE C Coastal dunes ’ i Solano County.
Lupinus nipomensis

Laguna Mtns. aster CR none Lower-montane conifer forest and cismontane woodlandSan Diego County.
Machaeranthera asteroides var.
lagunensis

Willowy monardella CE PE Closed cone forest, chaparral, riparian forests, riparian scrub San Diego County.
Monardella linoides ssp. viminea and riparian woodland
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Table 6-1 - SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued) " .

Status

Name State Federal Habitat Distribution Within the SWP Service Area

Few-flowered navarretia CT PE Vernal pools on volcanic ash flow substrate Napa County.
Navarretia leucocephala ssp. pauciflora

Twisselmann’s nemacladus CR none .Upper-montane conifer forest on sandy, rocky, or ganinticKern County.
Nemacladus twisselmannii substrates

Colusa grass CE PT Vernal pool Solano County.
Neostapfia colusana

Dehesa nolina CE C Chaparral on gabbroic, metavolcanic, or serpentinite San Diego County.
Nolina interrata substrates

Bakersfield cactus CE FE Chenoped scrub and valley-foothill grassland in sandy soilKern County.
Opuntia basilaris var. treleasei

California orcutt grass CE FE Vernal pool Los Angeles*, Riverside, San Diego, and
Orc.uttia californica Ventura counties.

Hairy orcutt grass CE PE Vernal pool Butte County.
Orcuttia pilosa

San Joaquin Valley orcutt grass CE PE ’~iernal Pool Stanislaus County.*
Orcuttia inaequalis

Slender 0rcutt grass CE PT    Vernal pool Plumas County.
Orcuttia tenuis

Dudleys lousewort CR none Maritime chaparral, north-coast conifer forest, and valley-Solano and Santa Clara counties.
Pedicularis dudleyi foothill grassland

Lyon’s pentachaeta CE PE Chaparral (openings) and valley-foothill grassland Santa Catalina Island*, Los Angeles and
Pentachaeta lyonii Venturacounties.

Calistoga popcorn-flower CT PE Alkaline areas near thermal springs associated with broad-Napa County.
Plagiobothrys strictus, leaf upper montane forest, meadows, and valley-foothill

grassland.

i Napa blue grass CE PE Alkaline meadows near hot springs Napa County.
P oa napens is
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status

Name State Federal Habitat Distribution Within the SWP Service Area

San Diego mesa mint CE FE Vernal pool San Diego County.
Pogogyne abramsii

Otay mesa mint CE FE Vernal pool. :San Diego County.
Pogogyne nudiuscula

Hartweg’s golden sunburst CE PE On clay soil in valley-foothill grassland and cismontane Stanislaus County.
Pseudobahia bahifolia woodland

San Joaquin adobe sunburst CE PE On adobe soil in cismontane woodland and valley-foothillKern County.
Pseudobahia peirsonii grassland

Gambell’s watercress CT FE Freshwater or brackish marsh and swamp Los Angeles*, Orange*, San Diego*, ai~d San
Rorippa gambelli "~ Luis Obispo counties.

Small-leaved rose CE none Chaparral.and coastal scrub. San Diego County.
Ro&a minutifolia " -

Adobe sanicle CR none Chaparral, coastal prairie, meadows, valley-foothill Alameda* and Solano counties.
Sanicula maritima grassland.on clay and serpentinite substrates

Rock sanicle CR none Broad-leaved upper-montane forests, chaparral, and valley- Contra Costa and Santa Clara counties.
Sanicula saxatilis foothill grassland on rocky substrates

Gander’s ragwort CR none On gabbroic outcrops in chaparral San Diego and Riverside counties.
Senecio ganderi

Cuesta pass checkerbloom CR none. Closed-cone forests on serpentinite substrates San Luis Obispo County.
Sidalcea hickmanii ssp. anomala

Parish’s checkerbloom CR C Chaparral and lower-montane coniferous forest Santa Barbara and San Bernardino counties.
Sidalcea hickmannii ssp. parishii

Bird-foot checkerbloom CE FE Meadows (mesic) and pebble plain habitat San Bemardino County.
Sidalcea pedata

Slender-petaled thelypodium CR FE i Meadows (mesic, alkaline) San Bernardino County.
Thelypodium stenopetalura
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StatusI.
Name                  State I Federal                       Habitat                      Distribution Within the SWP Service Area

Santa Ynez false lupine CR In chaparral habitat on sandy granitic substrates ¯ Santa Barbara County.
Thermopsis macrophylla

Greene’s tuctoria ¯ CR PE Vernal pools Solano and Butte.counties..
Tuctoria greenei

Crampton’s tuctoria CE FE Vernal pools Butte County.
Tuctoria mucronata

Crownbeard CT PT Maritime chaparral Coastal scrub Orange County.
Verbesina dissita

INVERTEBRATES

Badwater snail none none Saline springs of lnyo County. Not expected within the SWP Service Area.
,4ssiminea infina "

;anta Barbara shelled slug none none North facing slopes of Santa Barbara Island. Anacapa and Santa Barbara Islands.
Binneya notabilis

Nhite desertsnail none i~one Rock slides of the Riverside Mountains. Riverside County.
Eremarionta immaculata

Morongo desert.snail none none Under rocks in a gulch on the northside of Morongo Pass. San Bema~dino County.
Eremarionta morongoana

Kern shoulderband none none Kern River. Kern County.
Helminthoglypta callistoderma

Victorville shoulderband none none Rock outcrops along the Mojave River. San Bemardino County.
Helminthhoglypta mohaveana ....

~eninsular Range shoulderband none none Unknown. Coastal San Diego County.
Helminthoglypta traski coelata

Morro shoulderband none FPE Coastal strand and coastal sage scrub at Morro.Bay. !San Luis Obispo County.
Helminthoglypta walkeriana

Micrarionta rowelli bakerensis none none Limestone hills and landslides. San Bernardino County.
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status ~

Name State Federal Habitat Distribution Within the SWP Service Area

Mimic ~tryonia none none [Coastal lagoons and. salt marshes. San Luis Obispo, Santa Barbara, Ventura, Los
T.rk.,onia imitator Angeles, Orange, and San Diego counties.

Conservancy fairy shrimp none ¯ FE Vernal pools and seasonal wetlands. Known from Solano, Butte, and Ventura
Branchinecta conservatio ° counties.

Longhorn fairy shrimp none " FE Vernal pools and seasonal wetlands. Known from Alameda and San Luis Obispo
Branchinecta l. ongiantenna counties.

Vernal pool fair~ shrimp none FT Vernal pools and sbasonal wetlands. Known from Alameda, Santa Barbara,
Branchinecta lynchi Riverside, and San Luis Obispo counties.

Riverside fairy shrimp none FE Vei’nal pools and seasonal wetlands. Riverside, Orange, and San Diego counties.
Streptocephalus wqottoni

Vernal pool tadpole shrimp none- FE Vernal pools and seasonal wetlandS. Butte and Solano counties.
Lepidurus packardi ~ I~.

California freshwater shrimp SE FE Low gradient streams of the north and central coast. Napa County. I~.

Syncaris pacifica ,.

Kelso Jerusalem cricket none none Dune habitat. San Bernardino County.
Ammopelmatus kelsoensis I

Point Conception Jerusalem cricket none none Endemic to coastal sand dune habitats at Point Conception.Santa Barbara County.
Ammopelmatus muwu

Kelso giant sand treader cricket none none Endemic to the Kelso Dunes, occurring on hard-packed San Bernardino County.
Macrobaenetes kelsoensis ridges of the Dunes at 2,500 feet elevations.

Santa Monica shieldback katydid none none Chaparral and canyon stream bottom habitats. Santa Monica Mountains of Los Angeles
Neduba longipennis County.

Desert monkey grasshopper none none- Very arid environments associated with chamise San Bernardino County.

Psychomastix deserticola (Adenostoma fasiculuta).

Ciervo aegia.lian scarab none C Sandy substrates. Fresno County, not expected within the SWP

Aegialia concinna Service Area.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Oblivious tiger beetle none none Coastal mudflats. !San Diego ’County.
Cicindela lat.esignata obliviosa

Greenest tiger beetle none C Damp mud associated with a variety of habitats includingKnown from Orange, Los Angeles, and San
Ci~indela tranquebarica viridissima open fields, orange groves, riparian and woodland habitatsBemardino counties.

from the Santa Ana River Basin.

Globose dune beetle none none Fore dunes and sand hummocks along the coast. San Luis Obispo, Santa Barbara, Ventura, Los
Coelus globosus Angeles, Orange, and Diego counties.

San Joaquin dune beetle none C Fossil dunes along the western edge of the San~Joaquin[Kings County.
Coelus gracilis Valley.

Valley elderberry longhorn beetle none FT Elderberry shrubs of the Central Valley. Napa, Butte, Solano, Kings, and Kern counties.
Desmocerus californicus dimorphus

Delta green ground beetle none FT    Grasslands with large vernal pools. Solano County.
Elaphrus virid!s

Kelso dune glaresis scarab none none Sand dune habitat. San Bernardino County.
Glaresis arenata

Curved-foot hygrotus diving beetle none none Various seasonal wetlands with emergent vege(ation. Alameda County.
Hygrotus curvipes

White sand bear scarab r~one none Coasta! sand dunes in association with dune lakes. Santa Barbara and San Luis Obispo counties.
Lichnanthe albipilosa

Hopping’s blister beetl.e none none Foothills of the southern San Joaquin Valley. Kem and Kings counties.
Lytta insperata

Mojave Desert blister beetle "- hone none Various habitats of southern California. Southern California. Known occurrences from
Lytta insperata San Diego and Ventura counties.

Moestan blister beetle none none Central California known from Stanislaus and Tulare Potentially occurs in Kings County.
Lytta moesta counties.

Molestan blister beetle none none Central Valley habitats, including vernal pools. Known from Kern County.
Lytta molesta
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Nelson’s milodres weevil none none Sand dunes of Eureka Valley. Only known from Inyo County. Not expected
Miloderes nelsoni within the SWP Service.Area.

Rude’s longhorn beetle none none Unknown. Unknown.. ¯
Necydalis rudei

Wing-shoulder minute moss beetle none none Aquatic habitats.. Ventura County.
Onychobaris crassalus

Lange’s El Segundo Dune weevil none none .Only known from the E1Segundo Dunes. Los Angeles County.
Onychobaris lang~i

Dohrn’s elegant eucnemid beetle none none Unknown. San Bernardino and northern Los Angeles

Paleoxenus dohrni County. �,D

Atascadero June beetle none none San dunes in Atascadero and San Luis Obispo. San Luis Obispo County. ~--

Polyphylla nubila I~.

Brown-tassel trigonoscuta weevil none none Desert Sand dune habitat. San Bernardino and Imperial counties. I~.

Trignonoscuta brunnotasselata ~0

Yorba Linda trigonoscuta weevil none none Coastal sand dunes. Orange County. ~

Trigonoscuta yorbalindae ~ I

Dorothy’s El Segundo Dune weevil none none Coastal sand dunes of Los Angeles County. Endemic to the Los Angeles County. O

Rhaphiomidas terminatus ’El Segundo Dunes.
abdominalis

Delhi Sands flower-loving fly none FE Delhi Sands. Hostplant is California buckwheat Southwestern San Bernardino and

Rhaphiomidas terminatus (Eriogonum fasiculatum). Northwestern Riverside counties.

abdominalis

E! Segundo flower-loving fly none C Southern California coastal dunes and prairies. Known from Los Angeles County.

Rhaphiomidas terminatus terminatus

Oso Flaco patch butterfly none none Known only from sand dunes in southern San Luis Obispo San Luis ObispoCounty.

Chlosyne leanira osoflaco County.

Andrew’s marble butterfly none none Yellow pine forest near Lake Arrowhead in the San San Bernardino County.

Euc. hloe hyantis andrewsi Bernardino Mountains.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Henne’s eucosman moth none none Endemic to the El Segundo Dunes. Hostplant is branchingLos Angeles County.
Eucosma hennei phacelia (Phacelia ramosissima).

El Segundo blue none -/FE El Segundo Dunes. Hostplant is Dune buckwheat Los Angeles County.
Euphilotes battoides allyni (Eriogonum parvifolium)

Bay checkerspot none FT Native grassland on serpentine soil within the San FranciscoAlameda and Santa Clara counties.
Euphydryas editha bayensis Bay Area. Hostplants are California plantain (Plantago

erecta), owl’s-clover (Orthocarpus densiflora), and purple
owl’s clover (Orthocarpus purpurascens).

Wright’s checkerspot none C Annual grasslands with vernal pools. Hostplant is islandOrange, Riverside, and San Diego counties.
Euphydryas editha quino plantain (Plantago insularis). I~.

Dun skipper none " none’ Riparian woodland and chamise of southern mixed Western San Diego and southern, Orange
Euphyes vestris harbisoni chaparral. Hostplant is San Diego sedge (Carex spissa),counties. I~.

Kern primrose sphinx moth none FT Sandy soils of the Walker Basin area. Hostplant is Kern County. I~.
Euproserpinus euterpe cont.orled primrose-(Camissonia contorta).

Palos Verdes blue none FE RestriCted to the seaward side of the Palos Verdes Hills ofLos Angeles County.
Glaucopsyche lygdamus Los Angeles County. Hostplant is Iocoweed (Astragalus I
palosverdesensis trichopodus var. lonchus)

Morro Bay blue none none Coastal dune habitats. Hostplant is dune lupine (LupinusS, an Luis Obispo and Santa Barbara counties.
Icaricia icarioides moroensis chamissonis)

San Gabriel Mountains elfin none none San Gabriel and San Bemardino Mountains. Ho.stplant isLos Angeles and San Bemardino counties.
ln¢isalia mossii ("hikupa") stonecrop (Sedum species).

Hermes copper none none Southern mixed chaparral and coastal scrub, from sea levelWestern San’ Diego County.
Lycaena hermes to !,250 feet. Hostplant is red berry (Rhamnus crocea).

Saitmarsh skipper none none Salt marshes of southern California. Hostplant is saltgrassKnown from Los Angeles and San Diego
Panoquina errans (Distichlis spicata), counties. Expected in Orange County.

San Emigdio blue none none Shadscale scrub, near streams or washes. Lower San Joaquin Valley and Mojave Desert,
Plebulina emigdionis including Kern, San Bernardino, Riverside, and

Los Angeles Counties.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

San Gabriel Mountains blue none none Wet meadows above 5,000 feet. Los Angeles and San Bernardino counties.
Plejebus saepiolus

Mardon skipper none none Serpentine grassland of Del Norte County. Not expected in the SWP Service Area.
Polites raardon

Wandering skipper, none none Occurs in association with saltgrass (Distichlis spicata) inSan Bemardino, Kern, and San Diego counties.
Pseudocopaeodus eunus eunus hot springs and alkali fiats.

Santa Monica Mountains haristreak none none Oak woodlands of the Santa Monica Mountains. FoodplantLos Angeles County.
Satyrium auretorunfumosum is scrub oak (Quercus berber!difolia).

Callippe silverspot none FPE Coastal scrub of the San Francisco Peninsula. Hostplant isNot expected within the SWP Service Area.
Speyeria callippe callippe California golden violet (Viola pedunculata).

Tehachapi Mountain silverspot none none Middle and high elevation montane meadows. Tehachapi Mountains, Kern and Los Angeles
Speyeria egleis tehachapina counties.

California diplectronan caddisfly none - Rapid portions of small cool streams. Only known from Claremont in Los Angeles
Diplectrona californica County.

~_MPHIBIANS

-California tiger salamander CSC~ C Vernal pools annual grassland, grassy understory of valley-Napa, Solano, Alameda, Santa Clara, San Luis
Ambj~stoma tigrinum californiense foothill hardwood habitats, and along stream courses. Obispo, Santa Barbara, Kings, and Kern

counties.

Coast Range newt- CSC none Valley-foothill hardwood, valley-foothill hardwood-conifer, San Luis Ob.ispo, Santa Barbara, Los Angeles,
Taricha torosa torosa coastal scrub, mixed chaparral, annual grassland and mixedSan Bernardino, Riverside, Orange, Ventura,

conifer types, and San Diego counties.

Desert slender salamander SE FE Hitlden Palm Canyon, barren palm oasis, desert Wash andRiv,erside County.
Batrachoseps aridu~ desert scrub.

Kern Canyon slender salamander ST none Lower Kern River Canyon, elevation of 1,000 feet to 4,000Kern County.
Batrachoseps simatus feet, valley-foothill hardwood, valley-foothill hardwood

conifer,
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Tehachapi slender salamander ST none Elevations of 2,500-5,00’0 feet, valley-foothill hardwood-Kern, Ventura, and Los Angeles counties.
Batrachoseps stebbinsi conifer and valley-foothill riparian habitats.

Yellow-blotched salamander CSC none Forests and well shaded canyons, oak woodlands, old Kern, Ventura, and Los Angeles counties.
Ensatina eschscholtzi croceator chaparral in the Tehachapi Mountains, Mr. Pinos, and

vicinity of Fort Tejon.

Large-blotched salamander CSC none Conifer and woodland associations. Riverside and San Diego counties.
Ensatina eschscholtzi klauberi

Couch’s spadefoot toad CSC none Elevations ranging from 500 to 3,000 feet, arid-semi aridSan Bernardino, San Diego, and Riverside
Scaphiopus couchii habitats, desert washes, desert riparian, palm, oasis, desertcounties.-

succulent-scrub, and desert scrub habitats.

Western spadefoot toad CSC none Primarily in grassland habitat, occasional valley~foothiliNapa, Solano, Butte, Alameda, Santa Clara, ~--
Scaphiopus hammondii hardwood woodlands, some orchard-vineyard habitat. San Luis Obispo, Kings, Kern, Santa Barbara,

Requires seasonal wetland habitat for breeding. Ventura, Los Angeles, San,Bernardino, I~.

Riverside, and San Diego counties. I~.

Arroyo toad CSC FE Semi-arid regions near washes or intermittent streams, Santa Barbara, Ventura, Los Angeles, Imperial,
Bz~’~ microscaphus californicus valley- foothill and desert riparian, desert wash, etc. Orange, San Diego, and San Bernardino

counties. I
Arizona toad none none Headwaters of tributaries to the Colorado River. San Bernardino, Riverside, and Imperial
Bufo microscaphus microscaphus counties.

California red-legged frog CSC FT Quiet pools of stream, marshes, and occasionally ponds,Occurs in all service area counties except
Rana aurora draytonii ~below 4,000 feet, riverine, riparian, heavily vegetated Plumas and Imperial.

streamside shorelines.

Foothill yellow-legged frog CSC none Elevations ranging from 0-6,000 feet, rocky streams in aNapa, Solano, Alameda, Santa Clara, San Luis
Rana boylii !variety of habitats, including valley-foothill hardwood, Obispo, Kings, Santa Barbara, Ventura, Los

valley-foothill- hardwood-conifer, valley-foothill riparian,Angeles, Kern, Butte, and Plumas counties.
ponderosa pine, mixed conifer, coastal scrub, mixed
. chaparral, and wet -

Cascade frog CSC none Water and surrounding vegetation in mountain lakes, Butte and Plumas counties.
Rana cascadae streams, and ponds in meadows up to timberline. Near

Lassen peak at elevations of 3,000-9,000 feet.
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Name State Federal Habitat Distribution Within the SWP Service Area

Mountain yellow-legged frog CSC none Elevations ranging from 4,500-12,000 feet. In the Sierras, Butte, Plumas, Los Angeles, San Bernardino,
Rana muscosa this species is associated with streams, lakes, and ponds in Riverside and San Diego counties.

montane riparian, Iodgepole pine, subalpine conifer, and wet
meadows. In southern California, populations arerestricted
to streams in ponderosa pine, montane hardwood-conifer,
and montane riparian habitat types.

Northern leopard frog CSC none Occurs near quiet, permanent and semi-permanent habitats.Plumas, Kern, Los Angeles, San Bernardin.o,
Ranapipiens Also, some irrigated portions in the southern part of the and Riverside counties.

-~ state.

Yanapai leopard frog none none Associati~d with streams, overflow ponds andside channelsImperial and San Bernardino counties.
Ranayavapaiensis of major rivers, permanent springs and stock ponds in

desert, grassland and oak woodland habitat from sea level to
4, 800 feet.

REPTILES

!Northwestern pond turtle CSC none ~ Associated with .permanent or near permanent water in aKings, Santa Clara, Napa, Solano, Alameda,
Clemmys marmorata marraorata                              wide variety of habitat types, including freshwater emergent Butte, and PlumaScounties.

wetlands, etc..

Southwestern pond turtle CSC none Associated with permanent or near permanent water in aAlameda, Santa Clara, Kings, San Luis Obispo,
Clemmys marmoratapallida wide variety of habitat types, including freshwater emergent Kern Santa Barbara, Ventura, Los Angeles, ~

wetlands, etc.. Orange, San Bernardino, Imperial, Riverside,
and San Diego counties.

Desert tortoise ST FT, FSS Most common in desert scrub, desert wash, and Joshua tree!Kern, Los Angeles, San Bernardino, Riverside,
Xerobates (=Gopherus) agassizi habitats, but occurs in almost every desert habitat. Imperial, Kern and San Diego counties.

Barefoot banded gecko ST none Deserts, rocky areas at the heads of canyons. San Diego, Imperial, and Riverside counties.
Coleonyx switaki

San Diego banded gecko none C2 Coastal and cismontane southern California, uncommon inKern, Ventura, Los Angeles~ San Bernardiho,
Coleonyx variegatus v. abbotti coastal chaparral, most common on granite or rocky Riverside, Orange, and San Diego counties.

outcrops.
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Blunt-nosed leopard lizard SE/CFP FE Alkali flats, large washes, arroyos, canyons, and low San Luis Obispo, Santa Barbara, Kings, Kern,
Gambelia silus foothills from elevations of 100 to 3,000 feet. and Ventura counties.

San Diego horned lizard CSC none Coastal sage .scrub, chaparral, arid and semi-arid climateSan Diego, Ventura, Riverside, Los Angeles,
Phrynosoma cronat.um blainvillei condition.s of southwestern California. and Orange counties.

California ho.rned lizard CSC none Valley-fo0thill hardwood, conifer, riparian fiabitats, pine-Santa Barbara County.
Phrynosoma cronatumfrontale cypress, juniper, annual grass habitats, washes, and

floodplains.

Fiat-tailed horned lizard CSC FPT Creosote bush, desert scrub, wash, succulent shrub,.andRiverside and San Diego counties.
Phrynosoma mcalli alkali scrub habitats.

Chuckwalla none none Desert communities, common in creosote communities,Los Angeles, Kern, San Bernardino, Riyerside.
Sauromalus obesus restricted to areas with large rocks, boulder piles, or largeand San Diego counties.

rock outcrops on slopes, less frequent on fiats.

Southern sagebrush lizard none none Montane chaparral, conifer forest, and juniper-pine Los Angeles, San Bernardino, Riverside, I~.
Sceloporos graciosus vadenburgianus woodland. Imperial, Orange, and San Diego counties.

Coachella Valley fringe-toed lizard SE FT Limited to sand dunes in the Coacheila Valley, associatedRiverside County.
Urea inornata with sparse desert scrub, alkali scrub, and desert washes.

I
Colorado Desert fringe-toed lizard CSC none Fine loose wind-blown sand dune~, dry lakebeds, sandySan Diego County.

Uma notata notata beaches of riverbanks, desert washes, and sparse desert
scrub.

Mojave fringe-toed lizard CSC none Fine loose wind-blown deposits in sand dunes, dry lakebeds, Los Angeles, San Bernardino, and Riverside
Uma scoparia riverbanks, desert washes, sparse alkali scrub, and desertcounties.

shrub habitats.

Sandstone night lizard CSC none Arid and semi-arid hills at elevations of 660-4,000 feet, Riverside, San Diego, and Imperial counties.
Xantusia henshawi gracilis found exclusively in areas of large rocks in a variety of

desert scrub, chaparral, and woodland habitats.

Sierra night lizard CSC none Widely distributed in arid and semiarid deserts, most Kern County.
Xantusia vigilis sierrae common in Joshua tree and desert scrub habitats, found in

association with yucca, digger pine, chamise, pinyon pine
!and juniper.
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Coronado skink CSC none Mixed chaparrai, coastal sage scrub, southern willow scrub,San Diego County.
Eumeces skiltonianus interparietalis and coast live oak.

Orange-throated whiptail CSC none Low-elevation coastal scrub, chamise-redshank chaparral,Los Angeles, San Bernardino, Riverside,
Cnemidophorus hyperythrus mixed chaparral, and valley-foothill hardwood habitats. Orange, and San Diego counties.

Coastal western whiptail none none Valley-foothill hardwood, valley-foothi!l hardwood-conifer,Ventura, Los Angeles, Orange, and San Diego
Cnemidophorus tigris multiscutatus valley- foothill riparian, mixed conifer, pine-juniper, counties.

chami~e-redshank chaparral, mixed chaparral, desert scrub,
desert wash, alkali scrub, and annual grassland types.

Silvery legless lizard CSC none Elevations ranging from 0 to 6,000 feet; Common in several Solan0,-Napa, Santa Clara, Alameda, San Luis
/tnniellapulchrapulchra habitats but especially in coastal dune, valley-foothill, andObispo, Santa Barbara, Ventura, and Los

chapa~al. Angeles counties.

Black legless lizard CSC none ¯ C.haparral, pine-oak woodlan& and riparian habitats. San Luis Obispo County.
Anniella pulchra nigris

Gila monster CSC none Lower slopes Of rocky canyons, arroyos, and washes, desert San Bernardino County.
Heloderma suspectum mountains, low abundance in California.

Coastal rosy boa none none Chaparral. : Orange, Riverside, and San Diego counties.
Lichanura trivirgata rosafusca

Southern rubber boa ST C2,FSS Occurs in moist coniferous and montane hardwood forestRiverside, San Bemardino, Los Angeles, Kern,
Charina bottae umbratica habitats~ in association with streams and wet meadows, and San Luis Obispo counties.

Baja California rat snake CSC none Frequents hillslopes and arroyos, especially near Springs,Imperial County.
Bogertiphis rosalie seeps, and streams, but also occurs in dry areas.

San Bernardino ringneck snake none none Mixed chaparral, grassland. San Bemardino, Ventura, and Los Angeles
Diadophis punctatus modestus counties.

San Diego ringneck snake ’ none none Mixed chaparral, grassland. San Diego County.
Diadophis punctatus sirailis

~San Diego mountain kingsnake CSC none Restricted to the San Gabriel and San Jacinto Mountains ofLos Angeles, Riverside, San Bernardino,
Lampropeltis zonatapulchra Southern California, valley-foothill hardwoo.d,.coniferous,Orange, and San Diego counties.

chaparral, riparian and wet meadows.
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!San Joaquin whipsnake CSC " none Open terrain, most abundant in [grassland, desert, scrub,Napa, Solano, Alameda Santa Clara, San Luis
Masticophisflagellum ruddocki chaparral, and pasture habitats. Obispo, Kings, Kern, and Santa Barbara

counties.

Alameda whipsnake ST FPE Oak woodlands, chaparral, coastal scrub and annual Alameda County.
Masticophis lateralis euryxanthus grassland.

Coast patch-nosed snake CSC none " Coastal scrub and chaparral. Kern, San Luis Obispo, Santa Barbara,
Salvadora hexalepis virgultea Ventura, Los Angeles, Orange, and San Diego

counties.

Giant garter snake ST FT Marshes, streams, and sloughs, usually with mud bottoms. Solano and Butte counties.
Thamnophis gigas ....

!Two-striped garter snake - * none Found in or near permanent fresh watei’, often along streams San Luis Obispo, Santa Barbara, Ventura, Los
Thamnophis hammondii with rocky beds bordered by willows or other streamside"Angeles, Orange, San Diego, San Bernardino,

growth, and Riverside counties.

Northern red-diamond rattlesnake CSC none Chaparral, oak woodland, desert scrub habitats in rockySan Diego, San Bernardino, Riverside, and
Crotalus ruber ruber areas and dense vegetation. Orange counties.

BIRDS

Common loon CSC none Common in estuarine and subtidal marinehabitats along the Occurs in all service areas except Kifigs and
Gavia immer entire coast of California. Uncommon on largedeep lakesSan Bernardino counties.

in valley, foothills, and mountains.

Clarks grebe . * none Along entire coast in marine subtidal and estuarine waters,Occurs in all service areas.
Aechmopho?us clarkii large lakes near coast and inland at low elevations.

Western grebe * none Open water habitats Occurs throughout the service area.
,4echmophorus occidentalis

American white pelican CSC none Common to abundant on nesting grounds (large freshwaterPlumas, Butte, Napa, ~Solano, Alameda, San
Pelecanus erythrorhynchos and- saltwater lakes), salt ponds of San.. Francisco Bay; Luis Obispo, Kern, Kings, San Bernardino,

common at Lake Tahoe and Salton Sea, Colorado River,Riverside, and San Diego counties.
Morro Bay, San Diego Bay; sporadic elsewhere.
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California brown pelican SE/CFP FE Estuarine, marine, subtidal, and marine pelagic waters along Coastal areas ofNapa, Solano, Alameda, Santa
Pelecanus occidentalis californicus the California Coast: In California, only nests on the Clara, San Luis Obispo, Santa Barbara,

Channel Islands. Ventura, Los Angeles, and San Diego counties.
The Salton Sea, including Riverside and San
Diego counties.

Double-crested cormorant CSC none Yearlong resident along the entire coast of California and on Occurs in all service areas.
Phalacrocorax auritis inland lakes, in fresh, salt, and estuarine waters.

Great blue heron * none Fairly common all year throughout California, shallow Occurs in all service areas.
Ardea herodias estuaries, fresh and saline emergent wetlands, riverine and

rocky marine shorelines, croplands, pastures, mountains.

Great egret * none Fresh and saline emergent wetlands, along margins of Occurs in all service areas except Plumas
Casmerodius albus estuaries, lakes, slow-moving streams, mudflats, salt ponds,County.

and irrigated cropland. I~.

Reddish egret * none Coastal lagoons, salt-water marshes, and mud fiats. Orange, San Diego, Riverside, and Imperial I~.
Egretta rufescens counties.

Snowy egret * none Shores of coastal estuarine, fresh and saline emergent Occurs in all service areas. "
Egretta thula wetlands, ponds, slow-moving rivers, irrigation ditches, and I

wet fields.

Western least bittern CSC none Dense emergent wetlands near freshwater. Butie, Imperial, Los Angeles, Riverside, and
lxobrychus exilis hesperis San Diego counties.

Black-crowned night heron - * none Lacustrine, large riverine, and fresh and Saline emergentOccurs in all service areas.
Nycticorax nicticorax habitats; rarely on marine subtidal kelp beds; nests in dense

foliaged trees and dense emergent wetlands.

Woo.d stork CSC none Breeds in wooded wetlands. Favor open muddy shallows of Imperial and San Diego counties.
Mycteria americana lagoons and brackish marshes, or fields undergoing heavy

irrigation. Roosts in high perches in trees.

White-faced ibis CSC none Freshwater emergentwetlands, shallow lacustrine waters, Butte, Kern, Imperial, Ventura, Los Angeles,
Plegadis chihi the muddy ground of wet meadows and irrigated or flooded Riverside, and San Diego counties.

pastures and crop- lands; nests in dense freshwater emergent
wetland.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Aleutian Canada goose none FT Lacustrine, freshwater emergent.wetlands, and moist Butte, Alameda, Solano, and Santa Clara
Branta canadensis leucopareia grasslands, croplands, pastures, and meadows, counties.

Barrow’s goldeneye CSC none Central California Coast, mainly San Francisco Bay andPlumas, Butte, Napa, Solano, Alameda, Santa
Bucephala islandica " vicinity, estuarine and brackish lacustrine waters; rare andClara, San Bernardino, and Riverside counties.

local inland on lacustrine and riverine waters, along
Colorado River.

Harlequin duck CSC none Marine waters along rocky coast, previous breeding Coastal San Luis Obispo County.
Histrionicus histionicus recordings on large turbulent sierran rivers.

California condor SE/CFP FE Open rangeland, semi-arid rugged mountain ranges Santa Barbara County.
Gymnogyps californicus surrounding the southern San Joaquin Valley. Roosts on

cliffs, large trees, and snags.

Cooper’s hawk CSC none ~ Breeding resident through most of the wooded portions ofOccurs in all service areas.
,4ccipiter cooperi the state, dense stands of live oak, riparian deciduous, or I~.

other forests near water used frequently.                                                              I~.

Northern goshawk CSC C2,FSS Prefers middle and higher elevations, and mature denseButte, Plumas, Kern, Los Angeles, Ventura,
Accipiter gentilis conifer forests. Casual in foothills during winter, and Riverside, and San Bernardino counties.

northern deserts in pinyon-juniper woodland and low I
elevation riparian habitats.

Sharp-shinned hawk CSC none Breeds in ponderosa pine, black oak, riparian deciduous,    Occurs in all service areas.
Accipiter striatus mixed conit’er, and Jeffrey pine habitats; prefers but not

restricted to riparian habitat.

Golden eagle CSC/CFP none Typically rolling foothills, mountain areas, sage-juniperOccurs in all service areas.
Aquila chrysaetos fiats, and desert.

-Ferruginous hawk CSC C2 Winter visitor to open grasslands, agricultural areas, Occurs in all service areas.
Buteo regalis sagebrush fiats, desert scrub, low foothills surrounding

valleys, and fringes of pinyon- juniper habitats.

Swainson’s hawk ST none Breeds in stands with few trees in juniper-sage fiats, riparian ! Plumas, Solano, Kings, Los Angeles, Butte,
Buteo swainsonia areas, and oak savannah. Forages in adjacent grasslands,and San Bernardino counties.

suitable grain, alfalfa fields, cropland or livestock pastures.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Northern harrier CSC none Occurs from annual grasslands to lodgepole pine and alpineOccurs in all service areas.
Circus cyaneus meadows ( 0-10,000 feet). Frequents meadows, grasslands,

open rangelands, desert sinks, fresh and salt water emergent
wetlands.

Black-shouldered kite CFP * none Coastal and valley lowlands, rarely found away from Occurs in all service areas except Plumas
Elanus caeruleus agricultural areas. County.

Bald eagle SE/CFP . FT. Local winter migrant .to various southern California lakes.Occurs in all service ar~as.
Haliaeetus leucocephalus !Most of the breeding population is restricted to more

northern counties.

Osprey CSC none Breeds in northern California, associated strictly with large Occurs in all service areas.
Pandion haliaetus fish-bearing waters, primarily in ponderosa pine and mixed

conifer habitats.

Harris’ Hawk CSC none Riparian woodland and adjacent open ground¢ of river orImperial, Riverside. I~.
Parabuteo unicinctus delta bottomlands. I~.

!Merlin CSC none Winter visitor to coastlines, open grasslands, savannahs,Occurs in all service areas.
Falco columbarius woodlands, lakes, wetlands, edges, and early successional

stages, ranges from annual grasslands to ponderosa pine and I
montane hardwood- conifer habitats. Rare in Mojave desert
and Channel Islands. ¯

Prairie falcon CSC none Distributed from annual grasses to alpine meadows, Occurs in all service areas.
Falco mexicanus associated primarily with perennial grasslands, savannahs,

rangeland, some agricultural fields, and desert scrub.
¯

Arctic peregrine falcon none none Nests on rocky cliffs in Artic region. Winters. throughoutMay occur rarely .as a winter migrant
Falco peregrinus tundrius southern north America. throughout the service area.

American peregrine falcon SE/CFP FE Woodland, forest, coastal habitats, riparian areas, coastalOccurs in all service area~.
Falco peregrinus anatum and inland wetlands.

Sage grouse CSC none ’ Found primarily in a combination of sagebrush, perennialPlumas County.
Centrocercus urophasianus grassland or wet meadow, and water.
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Status

Name . State Federal Habitat Distribution Within the SWP Service Area

Mt. Pinos Blue grouse * none Open to medium-mature stands of fir, Douglas-fir, and other Kern, Los Angeles, and Ventura counties.
Dendragapus obscurus howardi conifer habitats interspersed with open spaces and available

water.

Mountain quail none none Montane habitats, open brushy stands of conifer and Occurs in all service areas except Alameda,
Oreortyx pictus deciduous forest and woodland, chaparral. Santa Clara, and Kings counties.

Yellow rail CSC none Freshwater marshes and marshy meadows for breeding. Solano, Napa, Alameda, Santa Clara, San Luis
Coturnicops noveboracensis May also forage in saltwater marshes. Obispo, Santa Barbara, and Orange counties.

Californiablack rail ST/CFP none Brackish and fresh emergent wetlands in the San FranciscoNapa, Solano, Alameda, Santa Clara, San Luis
Laterallusjamaicensis ¢oturniculus Bay Area, Sacramento-San Joaquin Delta, other scatteredObispo, Orange, Imperial, San Diego, and

locations. Riverside counties.

Light-footed clapper rail SEiCFP FE Occurs in coastal saline emergent wetland habitats. Ventura, Orange, Los Angeles, and San Diego
Rallus longirostris levipes counties.

Califonaia clapper rail SE/CFP FE Occurs in coastal and brackish wetland habitats. Alameda, Solano, Napa, San Luis~Obispo, and
Rallus longirostris obsoletus Santa Clara counties.

Yuma clapper rail ST/CFP FE Occurs in freshwater and brackish emergent wetland Riverside, Imperial, and San Bemardino
Rallus longirostris yumanensis habitats, counties.

Greater sandhill crane . ST/CFP none In and near wet meadows, shallow lacustrine, and fresh Plumas, Butte, San Luis Obispo, Kings, Kern,
Grus canadensis tabida emergent wetland habitats, winter habitats include: annualSan Bemardino, Imperial, and Riverside

and perennial grasslands, moist croplands with rice or corncounties.
stubble, and open emergent wetlands.

Western snowy plover CSC FT Nests, feeds, and takes cover on sandy or gravely beachesOccurs in all service areas except Plumas and
Charadrius alexandrrinus nivosus along the coast, on estuarine salt ponds, alkali lakes, and atButte counties.

the Salton Sea. Coastal populations are federally classified
as potentially threatened while inland populations are not
listed.

Mountain plover CSC none Found on short grasslands and plowed fields, ope.n plainsSolano, Kings, San Luis Obispo, Santa
Charadrius montanus with low, herbaceous or scattered scrub vegetation; also inBarbara, Ventura., Kern, Los Angeles,

foothill valleys west San Joaquin Valley, and in ImperialRiverside, San Diego, and Imperial counties.
Valley.
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Status

Name State ’ Federal Habitat Distribution Within the SWP Service Area

[Long-billed curlew CSC none Upland shortgrass prairies and wet meadows are used forOccurs in all service areas.
Numenius americanus nesting; coastal estuaries, open grasslands, and croplands

are used in winter.

Black tern CSC none Uses fresh, emergent wetlands, lakes, ponds, moist Plumas, Butte, Solano, Kings, Kern, Riverside,
Chlidonias niger grasslands, and agricultural fields. In migration, some takeand imperial counties.

coastal routes and forage o.ffshore.

Laughing gull CSC none Prefers warm seas. Forages over water or land, occasionallyImperial, Riverside, and.San Diego counties.
Larus atricillia feeding at garbage dumps. Frequents fields, streams and

~ other habitats near Salton Sea for breeding.

California gull CSC none Nests on islands in al:kali or freshwater lakes and salt ponds.Occurs in all service areas.
Larus californ&us Inland, frequents lacustrine, riverine, cropland habitats,
o landfill dumps, and city lawns. Preferred habitats on coast

are sandy beaches,.mudflats, rocky intertidal, and pelagic                                                 I~.
areas of marine and estuarine habitats, as well as emergent
wetlands.                                                                                     I~.

Black skimmer CSC none Requires shallow, calm water for foraging, and sand bars,Orange, San Diego, Riverside, and Imperial
Rynchops niger beaches, or dikes for roosting and nesting. Also visits counties.

coastal estuaries and river mouths of southern California..i I

California least tern SE/CFP FE Breeding colonies located in s6uthern California along Alameda, Santa Clara, San Luis Obispo, Santa
Sterna antillarum browni marine and estuarine shores, and in San Francisco Bay inBarbara, Ventura, Los Angeles, Orange, and

abahdoned salt ponds and along estuarine shores. AfterSan Diego counties.
breeding, family groups occur at lacustrine waters near the
southern coast.

Caspian tern * none For nesting, requires relativelybarren, undisturbed islands, Occurs in all Service areas except Butte, Kern,
Sterna caspia levees, or shores, and nearby foraging areas in lakes, Los Angeles, and San Bernardino counties.

estuaries, salt ponds, or emergent wetlands.

I Elegant tern CSC none Preferred habitats are inshore coastal waters, bays, estuaries, Occurs in all service areas except Plumas,
Sterna elegans harbors; rarely occurs far offshore and never inland. Butte, Kings, Kern, San Bernardino, Riverside,

and Imperial counties.
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I Status

Name ~ State Federal Habitat Distribution Within the SWP Service Area

Forster’s tern * none For nesting, requires low, mostly barren dikes or islands    O~curs in all service areas except San
Sternaforsteri near feeding areas in saltwater bays,~ lagoons, or freshwaterBernardino County.

lakes. Abandoned pilings, low boardwalks, or exposed ~
beaches are needed for roosting.

Gull-billed tern CSC none Prefers sandy beaches for nesting, and forages over shallowRiverside, San Diegol and Imperial counties.
Sterna nilotica waters, mudflats, grasslands, and croplands near the Salton

Sea.

Rhinoceros auklet CSC none Prefers undisturbed islands with friable soil for digging San Luis Obispo, Santa Barbara, Ventura, Los
Cerorhinca monocerata burrow, as well as productive, pelagic waters near breedingAngeles, Orange, and San Diego Counties.

colony for feeding.

Xanms’ murrelet CSC none For breeding, requires rocky, undisturbed islands with Winters offthe Coast of Santa Barbara County.
Endomychura hypoleuca scrippsi productive marine waters nearby. Nests on the Channel

Islands.

Common murre * none - Marine subtidal and pelagic habitats off undisturbed rockySan Luis Obispo, Santa Barbara, Ventura, Los
Uria aalge coasts and islands with productive marine habitat nearby.Angeles, Orange, and San Diego counties.

Western 3:ellow-billed cuckoo SE none Inhabits extensive deciduous riparian thickets or forests with Butte, Kern, San Bernardino, Riverside,
Coccyzus americanus occidentalis dense, low-level or understory foliage, and which abut on Orange, Imperial, and San Diego counties.

slow-moving watercourses, backwaters, or seeps. Nests
typically in sites with at least some willow or understory
foliage and high humidity.

Short-eared owl CSC none Open areas with few trees, such as annual and perennialOccurs in all service areas.
Asioflammeus grasslands, prairies, dunes, meadows, irrigated lands, saline

and fresh emergent wetlands. Needs elevated sites for
perches, and dense vegetation for roosting and nesting.

Long-eared owl CSC none ¯ Frequents dense, riparian and live oak thickets near meadow Occurs in all service areas.
Asio otus edges, and nearby woodland and forest habitats. Also found

in dense conifer stands at higher elevations.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Elf owl SE none Nests in desert riparian habitat with cottonwood, sycamore,San Bernardino, Riverside; and Imperial
Micrathene whitneyi willow, or mesquite; absent from desert riparian habitat counties.

dominated by saltcedar along the Colbrado River. Taller
trees with a shrub understory seem to be require.

Burrowing owl CSC none Open, dry grassland and desert habitats, and in grass, forb,Occurs in all service areas.
Athene cunicularia and open shrub stages of pinyon-juniper and ponderosa pine

habitats. Uses rodent or other burrow for roosting or nesting
cover.

Northern spotted owl none FT Mature conifer forests. Napa County.
Strix occ. identalis caurina

California spotted owl CSC none Resides in dense, old-growth, multi-layered mixed conifer,Occurs in all service areas except Solano, O
Strix occidentalis occidentalis redwood, and Douglas fir habitats, from sea level up to Alameda, Santa Clara, Kings, and Imperial �~

approximately 7,600 feet. In southern California, nearly counties. I~.
always associated with oak and oak-.conifer habitats.

Vaux’s swift CSC none Prefers redwood and Douglas-fir habitats with nest sites inPlumas,~Butte, and Santa Clara counties.
Chaetura vauxi large, hollow trees and snags, especially tall, burned-out

stubs. Forages over most terrains and habitats, preferring O

rivers and lakes. I

Black swift CSC none Nests in moist crevice or cave on sea cliffs above the surf,Plumas, Butte, San Luis Obispo, Los Angeles, �O

Cypseloides niger or on cliffs near waterfalls in deep canyons. Forages widelySan Bernardino, and Riverside counties.
over many habitats; seems to avoid arid regions.

Gilded northern flicker SE none Riparian and open forest and shrub habitats with abundantSan Bernardino, Riverside, and Imperial
Colaptes auratus chrysoides ecotones for feeding, and snags for nest cavities, counties.

Gila woodpecker SE none Occurs mostly in desert riparian and desert wash habitats,San Bernardino, Riverside, and Imperial
Melanerpes. uropygialis but also found in orchard-vineyard and urban habitats, counties.

particularly in shade trees and date palm groves.

Willow flycatcher SE none Wet meadow and montane riparian habitats from 2,000-Plumas, Butte, San Diego, and Kern counties.

Empidonax traillii 8,00’0 feet. Most often occurs in broad, open river valleys or
large mountain meadows with lush growth of shrubby
willows.
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Status

Name State Federal Habitat Distribution Within the SWP service Area

Southwestem willow flycatcher none FE Occurs in dense willow and cottonwood riparian habitats.Los Angeles, Orange, San Bernardino, .
Empidonax traillii extimus Riverside, and San Diego counties.

Brown-crested flycatcher CSC none Most numerous in riparian groves of cottonwood, mesquite.San Bernardino, Riverside, and Imperial
Myiarchus tyrannulus willow, which afford suitable nest sites, but often forages incounties.

adjacent desert scrub or plantings of saltcedar.

Vermillion flycatcher CSC none Nesters inhabit cottonwood, Willow, me~quite, and otherRiverside and San Bemardino counties.
-Pyrocephalus rubinus vegetation in desert riparian habitat adjacent to irrigated

fields, irrigation ditches, pastm:es, and other open mesic
areas.

California horned lark CSC none Grasslands along the coast and deserts near sea level toOccurs in all service areas.
Eremophilia alpestris actia alpine dwarf- shrub habitat above treeline. Prefers

grasslands and other open habitats with low, sparse
vegetation.                                                                                          I~.

Purple martin CSC none Old-growth, multi-layered, op.en forest and-woodland withOccurs in all service areas except Kings, San I~.
Progne subis snags in breeding season. Forages over riparian areas. Bernardino, Ventura, Los Angeles, and

Found in a variety of open habitats in migration. Imperial counties.

Bank swallow ST none Requires vertical banks and cliffs with fine-textured or Plumas, Butte, Santa Barbara, and Butte I
Riparia riparia sandy soils near streams, rivers, ponds, lakes, and the oceancounties. Historically from Los Angeles,

for nesting. Feeds primarily over riparian areas during Orange, and San Diego counties.
breeding season and over grass- land and cropland during
migration.

Eagle Mountain scrub jay CSC none Pinyon-juniper woodland and sparse scrub. Elevations from Eastern Riverside County.
Aphelocoma coerulescens cana 4,000 to 4,800 feet.

Bendire’s thrasher CSC none Frequents fiat desert areas with scattered’ stands of thornySan Bernardino and Riverside counties.
Toxostoma bendirei shrubs and cactus for cover, foraging, and nesting.

Crissal thrasher. CSC none Occupies dense thickets of shrubs or low trees.in desert San Bernardino, Riverside, Imperial, and San
Toxostoma crissale riparian or desert wash habitats; also occurs in dense Diego counties.

sagebrush and other shrubs in washes with juniper and
pinyon-juniper habitats, up to 5,900 feet.
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Le Conte’s thrasher CSC none Occurs primarily in open desert wash, desert scrub, alkaliSan Luis Obispo, Kern, Los Angeles, San
Toxostoma lecontei desert scrub and desert succulent shrub habitats; also occursBernard[no, Riverside, and Imperial counties.

in Joshua tree habitat with scattered shrubs.

San Diego coastal cactus wren CSC none Arid parts of westward draining slopes including thickets,San Diego, Orange, Los Angeles, and Vent~ra
Canpylorhynchus brunneicapillus patches, or tracts of larger, branching cacti, stiff-twigged,counties.
sandiegense thorny shrubs, and small trees.

California gnatcatcher CSC FT LOw, dense coastal scrub habitat in arid washes, on mesas,San Diego, Riverside, Orange, and Los
Polioptila californica ~ and on slopes of coastal hills. California sagebrush and" Angeles counties.

patches of pricklypear are particularly favored.

Black-tailed gnatcatcher * none Nests primarily in wooded desert wash habitat, but also San Diego, Imperial, Riverside, and San
Polioptila melanura occurs sparingly in desert scrub habitat. Bernard[no counties.. ¢q

Loggerhead shrike. " CSC none Open habitats with ~sparse shrubs and trees, other suitableOccurs in all service areas. ~’~
Lanius ludrovicianus [perches, bare ground, and low sparse herbaceous cover. I~.

Arizona Bell’s vireo SE none Inhabits low, dense riparian growth along water or along dryRiverside and San Bernard[no counties. I~.

Vireo bellii arizonae :parts of intermittent streams. Typically associated with ~O
willow, cotton~vood, baccharis, wild blackberry, or ~
mesquite. I

Least Bell’s vireo - SE FE Willows and other low, dense Valley foothill riparian habitatSan Luis Obispo, Santa Barbara, Ventura, Los �O
Vireo belliipusillus and lower portions of canyons; also desert riparian. Angeles, Orange, San Diego, Riverside, and

San Bernard[no counties.

Gray vireo CSC none Arid pinyon-juniper, juniper, and chamise-redshank San Bernard[no, Riverside, and San Diego
Vireo vicinior chaparral habitats from 2,000-6,500 feet. counties.

Tricolored blackbird CSC none Breeds near freshwater, preferably in emergent wetland with Occurs in all serviceareas except Plumas
Agelaius tricolor tall dense cattails or tules, but also in thickets of willow,!County.

blackberry, wild rose, tall herbs. Feeds in grassland and
cropland habitats.

:Southern California rufous-crowned CSC none Occurs on herbage-covered hillsides with scattered shrubsRiverside, San Bernard[no, Santa Barbara,
sparrow (especially coastal sage).and rock Outcrops. .Ventura, Los Angeles, Orange, ~nd San Diego
.4 imophila ruficeps canescens counties.

A6-68



Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status

Name State Federal Habitat Distribution Within the SWP Service Area

Bell’s sage sparrow CSC none Low, fairly dense stands of shrubs in transmontane Occurs in all service areas except Butte
. dmphispiza belli belli California occupies sagebrush, alkali desert scrub, and County.

desert scrub. In cismontane California, frequents chaparral
dominated by chamise, and coastal scrub dominated by
sage.

Northern cardinal CSC none Riparian woodland thickets. Imperial and Los Angeles counties.
Cardinalis cardinalis

Yellow. warbler CSC none Breeds in riparian woodlands from coastal and desert Occurs in all service areas.
Dendroicapetechia brewsteri " lowlands up to 8,000 feet in Sierra Nevada. Also breeds in

montane chaparral, open ponderosa pine and mixed conifer
habitats with substantial amounts of brush.

Saltmarsh common yellowthroat CSC none Mostly breeds and winters in wet meadow, fresh emergentNapa, Solano, Alameda, and Santa Clara
Geothlypis trichas sinuosa wetland, and saline emergent wetland, counties. I~.

Yellow-breasted chat CSC none Dense, brushy thickets and tangles near water, and thickOccurs in all service areas except Kings I~.
lcteria virens understory in riparian woodland. " County.

California gray-headed junco CSC none Uses forests, w6odlands, edges for breeding; frequents !Kern, Los Angeles, and San Bernardino
Junco hyemalis caniceps openings edges, stream corridors while foraging; also breedscounties. I

above timberline near moist, alpine meadows.

Suisun song sparrow CSC none Habitat fragments of emergent wetlands. Solano County.
Melospiza melodia maxillaris

Mameda song sparrow CSC none Emergent wetlands of the San Francisco Bay Area. Napa, Solano, Alameda, and Santa Clara
Melospiza melodia pusillula counties.

San Pablo song sparrow CSC none Emergent wetlands of the San Francisco Bay Area. Napa, Solano, Alameda, and Santa Clara
Melospiza melodia samuelis counties.

Belding’s savannah sparrow SE none Frequents pickleweed in a few scattered saline emergentSanta Barbara, Ventura, Los Angeles, Orange,
Passerculus sandwichensis beldingi wetlands from Santa Barbara County south, and San Diego counties.

Large-billed savannah sparrow. CSC none Saline emergent wetlands at Salton Sea and southern coast.Santa Barbara, Ventura, Los Angeles, Orange,
Passerculus sandwichensis rostratus Imperial, Riverside, and San Diego counties.
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Hepatic .......tanager CSC none Open mountain forests, oal~s, pines. San Bemardino County.
Piranga flava

Summer tanager CSC none Frequents cottonwood-willow associations of riparian Kern, Los Angeles, San Bemardino, Riverside,
Piranga rubra habitats for breeding, feeding, cover, and other activities.San Diego, and Imperial counties.

Virginia’s warbler CSC none Breeds in arid, shrubby mixed conifer, pinyon-juniper, , Kern and San Bernardino counties.
Vermivora virginiae montane chaparral, and possibly montane riparian habitats

from about 7,000-9,000 feet.

MAMMALs

Mameda Island mole CSC none Prefers moist, friable soils. Avoids flooded soils. OccursAlameda County.
Scapanus latimanus parvus only on Alameda Island. ~"

Buena Vista Lake shrew CSC C Marshes and sloughs around the perimeter of Buena VistaKern and King counties.
Sorax ornatus relictus Lake, (Kern Co.); also may occur in the Tulare Basin and at I~.

Kern and Pixley National Wildlife Refuges.                                                           I~.

i Southern California ornate shrew CSC none Grassland and emergent wetland habitats of southern coastal Ventura, Los Angeles, and Orange counties. ¢O

Sorax ornatus salicornicus marshes. ~

Suisun shrew CSC C Dense low-lying cover of salicornia in wetlands of San Napa and Solano counties. I

Sorax ornatus sinuosus Pablo and Suisun Bays. �O

Salt-marsh wandering shrew CSC C Low, dense cover of salicornia in salt marshes of San Alameda and Santa Clara counties.
Sorex vagrans halicoetes Francisco Bay.

Mexican long-tongued bat CSC none i Forages in desert and montane riparian, desert scrub, desertSan Diego County.
Choeronycteris mexicana succulent shrub, and pinyon-juniper habitats.

California leaf-nosed bat CSC none Habitats occupied include desert riparian, desert wash, San Bernardino, Riverside, Imperial, and San
Macrotus californicus desert scrub, desert succulent shrub, alkali desert scrub, and Diego counties.

. palm oasis below 2,000 feet.

Pallid bat. CSC none Inhabits grasslands, shrublands, woodlands, and forestsOccurs in all service areas.
Antrozous pallidus from sea level up through mixed conifer forests. Mos~

common in open, dry habitats with rocky areas for roosting.
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Spotted bat CSC none Habitats range from arid deserts and grasslands throt~ghVentura, Los Angeles, Orange, San Diego,
Euderma maculatum mixed conifer forests up to 10,600 feet. Prefers sites withKern, Riverside, San Bernardino~ and Imperial

adequate roosting habitat, such as cliffs. Feeds over watercounties.
and along marshes.

Arizona myotis CSC none Most common in mid to high elevation forests; fairly San Bernardino, Riverside, and-Imperial
My~tis lucifugus occultus common in sagebrust~, bitterbrush, alkali desert scrub, wetcounties.

meadow and montane chaparral. Prefers to feed over water
or open habitats.

Cave myotis CSC none Desert scrub, desert succulent scrub, desert wash, and desert San Bernardino, Riverside, and Imperial
Myotis velifer brevis riparian habitats in lowlands of Colorado River and adjacent counties.

mountain ranges.                                                                                    ~

Townsend’s western big-eared bat CSC none Found in all but alpine and subalpine habitats; n~ost Plumas, Butte, Napa, Solano, Alameda, Santa �~
Plecotus townsendii townsendii abundant in mesic habitats. Requires caves, mines, tunnels,Clara, and Kings counties. I~

buildings, or other man-made structures for roosting. I~.

Pale big-eared bat CSC none Found in all but alpine and subalpine habitats; most Kings, San Luis Obispo, Kern, Santa Barbara, ¢0
Plecotus townsendiipallescens abundant in mesic habitats. Requires caves, mines, tunnels,Ventura, Los Angeles, Orange, San ~

buildings, or other man-made structures for roosting. Bernardino, Riverside, Imperial, and San
Diego counties. I

California mastiffbat CSC none Occurs in many open, semi-arid to arid habitats including Occurs in all service areas except Plumas,
Eumops perotis californicus conifer and deciduous woodlands, coastal scrub, annual and Butte, Napa, and Solano counties.

perennial grasslands, palm oases, chaparral, desert scrub,
urban.

Pocketed free-tailed bat CSC none Habitats include pinyon-juniper woodlands, desert scrub,Riverside, Imperial, and San Diego counties.
Nyctinomopsfemorosaccus desert.succulent shrub, desert riparian, desert wash, alkali

desert scrub, Joshua tree woodland, .and palm oasis.

Big free-tailed bat CSC none Prefers rugged, rocky canyons. San Diego County.

Nyctinomops rnacrotis ~

Snowshoe hare CSC none Montaneriparian habitats with thickets of alders and Piumas and Butte counties.
willows, and stands of young conifers interspersed withLepus americanus
chaparral.
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued) ~

Status

Name State Federal Habitat Distribution within the SWP Service Area

Sierra N~vada snowshoe hare CSC none Early stages of conifers and pines and aspen are likely Plumas County.
Lepus americanus tahoensis habitats, especially along edges and near meadows.

San Diego black-tailed.jackrabbit CSC none Intermediate canopy stages of shrub habitats and open Los Angeles, Orange, and San Diego counties.
Lepus californicus bennettii shrub/herbaceous and tree/herbaceous edges provide

suitable habitat.

White-tailed hare CSC none Sagebrush, subalpine conifer, juniper, alpine dwarf shrub,Plumas County.
Lepus townsendii and perennial grassland are preferred habitats. Also uses low

sagebrush,.wet meadow, and early successional stages of
various conifer habitats.

Sierra Nevada mountain beaver CSC none Montane riparian habitat, Occurs in open and intermediatePlumas County.
,4plodontia rufa californica canopy coverage with a dense understory near water. Deep, �,O

friable soils required for burrowing, along with a cool, moist                                                 �~
microclimate.

Point Reyes mountain beaver CSC none North facing slopes with dense vegetation at Point Reyes inNot expected within the SWP Service Area. I~.
,4plodu,ntia rufaphaea Marin County. (Distribution limited to Marin County).

San Joaquin antelope squirrel ST C Suitable habitat has widely scattered shrubs, annual forbsSan Luis Obispo, Santa Barbara, Kings, and ~
Ammospermophilus nelsoni and grasses, and is distributed over broken terrain with Kern counties.

Ismall gullies and washes.
to

San Bernardino flying squirrel none none Mature, dense conifer ~habitats intermixed with various San Bernardino, Los Angeles, and Riverside
Glaucomys sabrinus californicus riparian habitats support flying squirrel populations. Largecounties.

trees and snags required.

Mohave ground squirrel ST none Optimal habitats are open desert scrub, alkali desert scrub,Kern, San Bernardino, and Los Angeles
Spermophilus mohavensis and Joshua tree. also feeds in annual grasslands. Has beencounties.

found from 1,800-5,000 feet.

Palm Springs ground squirrel CSC none Prefers open, fiat, grassy areas in fine textured, sandy soil inRiverside County.
Spermophilus tereticaudus chlorus Coacheila Valley. A mixture of shrub species is p~eferred.

Kingston Mountain chipmunk none FSS Resides in pinyon-juniper and juniper habitats, especially inSan Bernardino County.
Tamiuspanamintinus acrus rocky outcrops in these habitats. Ranges from 5,700-9,000

feet.
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Table 6-1 SPECIAL STATUS SPECIES OF THE SWP SERVICE AREA (continued)

Status

Name Stat~ 1 Federal Habitat Distribution Within the SWP Service Area
I

Mount Pinos chipmunk none FSS Occurs .in open-canopy forests o.f mixed conifer, Jeffrey Kern, Ventura, Los Angeles, San Bernardino,
Tamias speciosus callipeplas :pine, iodgepole, and limber pine, and occasionally in and Riverside counties.

¯. chaparral. Elevationai range in southern California is 6,400-
! 0,900 feet.

Amargosa pocket gopher none none Optimal habitats are perennial meadows, and grass and forbSan Bernardino County.
Thomomys bottae amargosae !stages of riparian habitats, associated with the Amargosa

River Basin.

California pocket mouse CSC none Occurs in chaparral and grassland, but probably reaches itsOrange, Riverside, and San Diego counties.
Chaetodipus californicusfemoralis greatest abundance where these 2 habitats occur in close

i proximity.
Northwestern San’-Diego pocket mouse CSC none Coastal scrub, chamise-redshank chaparral, mixed San Diego, Orange, and Riverside counties. I~.

Chaetodipusfallaxfallax chaparral, sagebrush, desertwash, desert scrub, desert
. succulent shrub, pinyon-juniper, and annual grassland. I~.

Pallid San Diego pocket mouse CSC none Coastal scrub, chaparral and annual grassland. San Diego County. I~.
Chaetodipus fallax pallidus

Berkeley kangaroo rat * none !Occurs in open spaces in chaparral and blue oak/digger pine Alameda, Santa Clara, Solano, and Napa

Dipodomys heermanni berkeyleyensis woodlands and grassy hills, counties. I

Morro Bay kangaroo rat SE/CFP FE Occurs in coastal scrub habitat at Morro Bay. San Luis Obispo County.
Dipodomys heermanni morroensis ~

Giant kangaroo rat SE FE Found on fine, sandy loam soils supporting sparse annualSan Luis Obispo, Kings, Santa Barbara, and
Dipodomys ingens grass/forb vegetation, and marginally found in low-densityKem counties.

alkali desert scrub.

San Bernardino Merriam’s kangaroo rat CSC none Occurs in desert Scrub and alkali desert scrub, sagebrush,Kern, Los Angeles, San Bernardino, Riverside,
Dipodomys merriamiparvus Joshua tree, and pinyon-juniper habitats. Prefers sparse toSan Diego, and Imperial counties.

moderate canopy on fine to coarse sands, with or without
surface pavement or gravel in the subsoil.

Short-nosed kangaroo rat CSC C Occurs on flat to hilly terrain in scrubland herbaceous Kings, Kern, San Luis Obispo, and Santa
Dipodomys n.itratoides br~vinasus habitats with scattered shrubs.. Barbara counties.
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Fresno kangaroo rat SE FE Alkali habitats from 200 to 300 feet elevation. Kings County.
Dipodomys nitatoides exilis

[Tipton kangaroo rat SE FE Occurs in arid grassland and alkali desert scrub habitats.Kings and Kern counties.
Dipodomys nitatoides nitratoides

Panamint kangaroo rat none FSS Occurs on sandy-gravely soils, usually with an overstory ofKern, San Bernardino, and Los Angeles
Dipodomys panamintinus big sagebrush, pinyon pine, juniper, or yucca, counties.
panamintinus

Stephen’s kangaroo rat ST FE Occurs primarily in annual and perennial grasslands, butSan Bernardino, Riverside, and San Diego
Dipodomys stephensi may occur in coastal scrub or sagebrush with sparse canopycounties.

cover, or in disturbed areas.

White-eared pocket mouse CSC none Occurs in ponderosa and Jeffi’ey pine habitats as well asKern, Ventura, Los Angeles, and San
Perognathus alticola alticola sagebrush and mixed chaparral habitats from 3,500-5,90’0Bernardino counties. �~

feet. I~.

Tehachapi pocket mouse CSC none :Occurs in arid grassland and scrub habitats. Kern, Ventura, and Los Angeles counties. I~.

Perognathus alticola inexpectatus ~ . ~

San Joaquin pocket mouse * none Occurs in dry, open grasslands or scrub areas on fine- San Luis Obispo, Santa Barbara, Napa, Solano, ,~
Perognathus inornatus inornatus textured soils between 1,100-2,000 feet in elevation. Kings, Kern, and Ventura counties. /

Palm Springs pocket mouse CSC none Desert wash and scrub. Riverside County. �O

Perognathus longimembris bangsi

Los Angeles pocket mouse CSC none Occurs in grassland and coastal sage habitats with sandyLos Angeles, Orange, San Bernardino, San

Perognathus longimembris brevinasus soils. Diego, and Riverside counties.

Jacumba pocket mouse CSC none Occurs in desert riparian, wash, and scrub habitats. San Diego County.
Perognathus longimembris
internationalis

Pacific pocket mouse CSC FE Occurs in open areas within sage/scrub habitats with sandyLos Angeles, Orange, and San Diego counties.
Perognathus longimembris soils.
pacificus
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Status

Name State Federal Habitat Distribution Within the SWP Service Area

Mohave River vole CSC none Riparianhabitats and irrigated fields alongthe Mojave San Bernardino County.
Microtus californicus mohavensis River.

Stephen’s vole CSC none Occurs in brackish’marshes. Los Angelesand Orangecounties.
Microtus californicus stephensi

San Francisco dusky-footed woodratCSC none Occurs in chaparral habitats. ~ " Santa Claraand Alameda counties.
Neotoma fuscipes annectens

Montereydusky-footedwoodrat CSC none Occurs in chaparral and forest habitats with moderate San Luis Obispo County.

Neotomafu~cipes luciana canopy and moderate canopy and moderate to dense

understory cover.

, San Joaquin Valley woodrat CSC .C Dense riparian vegetation along the San Joaquin, Stanislaus, Not expected within the SWP Service Area.

Neotomafuscipes riparia and Tuolumne Rivers in San Joaquin and Stanislaus

counties.                                                                                                :

San Diegodesert woodrat CSC none Occurs in mixed and chamise-redshank chaparral habitats. San Luis Obispo, Ventura, Los Angeles, I~.
Neotoma iepida intermedia Orange, and San Diego counties.

Southern grasshoppermouse CSC none~ Frequentsmost desert habitats, especiallyscrub habitats San Bernardino, Los Angeles, Riverside,and
Onychomys torridus ramona with friable soils for digging. San Diegocounties.

I
Tulare grasshopper mouse CSC none Occurs in arid valley and scrub desert habitats. Kern and San Luis Obispo counties.

Onychomys torridus tularensis

Southern marsh harvest mouse CSC none Coastal saltmarsh. Ventura, Los Angeles, Orange, and Santa

Reithrodontomys megalotis limicola Barbara counties.

Salt-marsh harvest mouse SE/CFP FE Pickleweed saline emergent wetland is preferred, but newNapa, Solano, Alameda, and Santa Clara

Reithrodontomys raviventris grasslands adjacent to pickleweed marsh may also be used.counties.

Colorado Riv~er cotton rat CSC none Restricted to moist habitats,such as desert riparian,San Bernardino, Riverside,and Imperial
Sigmodon arizonaeplenus grassland, cropland,and fresh emergentwetland with trees counties.

near the Colorado River.

Yuma cotton rat CSC none Grasslands, overgrown clearings, and herbaceous borders of Imperial, Riverside, and San Bernardino

Sigmodon hispidus eremicus fields, and brushy areas are preferred, counties.
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Status

Name State Federal Habitat Distribution Within the SWP Se~ice Area

Point Reyes jumping mouse CSC none Bunch grass.marshes of the Point Reyes Peninsula, Matin Not expected within the S~ Se~ice Area.

Zapus trinotatus orarius County. (Dis~ibution limited to Matin Count).

San Joaquin kit fox ST FE
Annual grasslands orgrassy open stages of vegetation Al~eda, S~ta Clara, San Luis Obispo, Santa

Vulpes macrotis mutica dominated by scaaered sh~bs. Some agricultural areas may Barba~, Kings, and Kern counties.

suppo~ these foxes.

Siena Nevada red fox
ST FSS Prefers forests interspersed with meadows Or alpine fell_

Plumas Count.

Vulpes vulpes necator
fields. Open areas are used for hunting, forested habitats for

cover and reproduction.

Southern sea o~er
CFP ~ FT

Nearshore marine environments including canopies of giant SanLuis Obispo and Santa Barbara counties.

Enhydra lutris nereis kelp and bull kelp to provide impo~ant rafting and feeding
areas,                                                                                      o

California wolverine ST/CFP
none

Mixed conifer, red fir, and iodgepole habitats, and probably Plumas and Kern counties. ~

Gulo ~lo luteus~ use sub_alpine conifer, alpine dwarf sh~b, wet meadow, ~

and montane riparian habitats. Occurs in Siena Nevada                                                     ~
from 4,300_10,800 feet.                                                                     ~

Ringtail CFP none
Riparian habitats throughout middle and low elevations. Occurs throughout the S~ Se~ice Areas. ~

Basseriscus astutus
i

Humboldt maven CSC none Optimal habitats are v~ious mixed evergreen ~orests with Plumas, BuRe, ~d Kern counties. O

Martgs americana humboldte~is more than 40% crown closure, with large ~ees and snags.

Pacific fisher
CSC

none Suitable habitat consists of large areas ofma~re, dense Plum~, BuRe, and Kern counties.

Martes pennantipac~ca~ forest stands with snags and greater than 50% canopy

closure.

American badger ~

,
none

Most abundant in drier open stages of most shrub, forest, Occu~ in all se~ice ~eas.

T~idea t~us and herbaceous habitats, with friable soils.

Yuma mountain lion CSC none Require extensive areas of riparian vegetation and b~shy S~ Bemardino, Riverside and imperial

Felis concolor browni stages of various habitats, with interspersions of i~egul~ counties.

te~ain, rocky outcrops, and tree~msh edges.

Guadalupe ~r seal .. ST
FT

inhabits rocky insular shorelines; often found in sheltered May forage offthe coast of San Luis Obispo

drctocephalui townsendi
crevices and sea caves on outer Channel islands. ~d S~ta B~b~ counties.

..
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Status

Name State Federal Habitat Distribution Within the SWP Se~ice Area

No,hem (Steller) sea lion ST
FT

Prefers offshore haul.out and breeding sites with May forage offthe coast of San Luis Obispo
Eumetopiasjubatus unrestricted access to water, near aquatic food supply in and Santa Barb~ counties. Small breeding

areas of minimal human disturbance,
colony located on San Miguel Island.

California bighorn sheep
ST

none Historically found along the east side and are east of the Not expected within the SWP Se~ice Area.

~is canadensis ca/fforniana Sie~ Nevadas in steep open te~ain with available water. (Distribution limited to lnyo, Tulare, Modoc,
Winters in sage_ brash scrub at lower elevations. Herds Fresno and Mono counties).

known from lnyo, Tulare, Modoc, Fresno, and Mono

counties.

l.Peninsular bighorn sheep SWCFP
FPE Occurs on open dese~ slopes.

Riverside, San Diego, ~d imperial counties.
~ cana~ns~ cremnobates

Nelson,s bighorn sheep CFP none Occurs in rocky, steep environments with available water San Bemardino, Rive~ide, imperial, and Los !~

~ cana~ns~ neboni and herbaceous ~rage. (Some populations not su~ect to
Angeles counties. ~

CFP designation, as described in Section 4902 of the                                                       ~

Cali~mia Fish and Game Code).

i
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!

special Status Pl~ts

Vemal pool habitat within this ~ea suppo~s several listed species, or species proposed           ~

for listing, including Hoover, s spurge, Bu~e Co~ty meado~o~, Greene,s mctoda,

slender orcu~ gr~s, ~d hai~ orcu~ gr~s.                                                  .~

North Bay Se~ice Area                                                       ~

Vegetation ~d Wildlife Habitat

The Noah Bay Se~ice ~ea cont~ns Napa ~d Sol~o co~ties (Figure 6.1). A diversi~           ~

of habitats occ~ wi~in this Se~ice Mea including habitats ~sociated ~th ~e Coast

~ R~ges, Bay, Delta, ~d Central Valley. Some of the habitats such as b~en ~d

~
urb~industrial have relatively low value for wildlife, whereas others such as m~shes,

~d fip~i~ have subst~tial value for wildlife, impo~t biological ~eas within the           ~

~ Se~ice Area include numerous creeks, rese~oirs, watersheds, ~d ~ldlife re~ges and

~ prese~es. The diversity of habitats within this Se~ice ~ea Suppo~ 16 listed wildlife

~ species and 11 listed Plant species. Additional info~ation on these listed species ~d ~

~ other special status species is summ~ized in Table 6_1.
~

i

Special Status Wildlife

Within this ~ea, elderbe~ies provide suitable habitat for the valley elderbe~ longhorn           ~
beetle. Orcu~ L~e ~d the su~ounding vernal pools at the Jepson Prairie Prese~e in

Sol~o County suppo~ the only ~o~ population of Delta green ground beetles, a           ~

~derally t~eatened species. The small coastal stre~s of Napa Co~ provide habitat

~r the Cali~mia ~eshwater s~mp, a ~der~l ~d st~e.end~gered species.                       ~

A v~iety of m~shl~d ~s0ci~ed wi~ the Bay ~d Delta ~n ~is ~ea s~po~s

several listed species, including ~e salt_m~sh h~est mouse, Cali~a black rN1,           ~

CNi~a eloper rail, ~d gi~t g~er sn~e. ~e CMi~a red_legged ~og, a species

proposed ~r ~deral l~sting, occ~s in pe~ent. ~d se~onal wetl~ds, ~soei~ed ~h          ~

the Co~t R~ges.

S~ P~lo ~d Suis~ bays occ~ ~ the sou~em ex~eme of~e Semite ~ea. Open           ~

water ~d associated shoreline habitats of t~se ~e~ provide nesting or ~raging habi~t

~r populmions of the western sn0~ plover, Cali~mia le~t tern, ~d Cali~a bro~           ~

pelic~.
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